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FOREWORD

A study at the National Bureau of Standards (NBS), of
which this is the second progress report, has been undertaken
to meet the need of the National Aeronautics and Space
Mministration (NASA) for thermodynamic information on
biologically related materials important to the space program
for several reasons, Among these reasons are the necessity
of inferring the maximum amount of useful chemistry of
incompletely accessible enviromments, for which only limited
information is available, the possibility of the occurrence of
organic compounds naturally synthesized under primitive
conditions, and the possibility of theoretically recovering
part of the prebiological history of the earths

This program is being carried out under the technical
supervision of Dr. George Jacobs of NASA, and with the
consultation of Dr. Harold Morowitz of the Yale University,
Department of Molecular Biology and Biophysics, and
Dr. C. We Beckett of the Heat Division (NBS), The contract

Contract No., R-138) was initiated May 1, 1964, and this
report covers the second quarter of the term of the contract,

’5/; (A //7 : - ‘
George T. Armstrong
Supervisory Chemist
Project Leader




INTRODUCTION

Summary of Progress on the Survey of Thermodynamic Date

Following the plan outlined in the previecus quarterly report,
the survey of thermodynamic dats on compounds of the elements
Cy Hy Ny Oy P, and S was continued by two groups working in parallel,
The work of one group is related to the heat capacities, enthalpies,
entropies and free energies of the compounds of interest, while the
work of the other group is concerned with enthalpy changes and free
energy changes in reactions of the same classes of compounds,

The work of the first group was primarily devoted to an evalua-
tion and smoothing of the avallable data on selected compounds for
which thermodynamic data covering a range of temperatures had
previously been founde The results of thils evaluation is given in
Section I of this report as a series of seventeen tables.

The work of the second group was devoted to an assessment of
the data on the preliminary list of compounds containing one carbon
atom or fewer per moleculey which is found in the appendix of the
first quarterly report of this contract (NBS Report 8521). The
search for this data was not entirely complete, but provides a
coverage of the available data selected from several sources which
perform an evaluation of existing data. The data found are shown
in tabular form in Section II of this report as Table 1, preceded
by a brief discussion of the completeness, and followed by a list
of sources of the data,

Our consultant on this projects Dr. Harold Morowitz, agreed to
provide a list of more complex organic compounds, ubiquitous to
living organisms, (Reference, Memorandum of August 11, 1964,
Appendix, NBS Report 8521) The preparation of this list 1s being
handled as a purchase order, When received, the list will provide
a basis for gearch for data of more complex organic compounds,



Section I
Anglysis of Heat-Capacity Data on Some Amino Acids

George T, Furukawa and Mary A. Krivanec

The heat~capacity data on seventeen amino acids were examined
and analyzed on the IBM 7094 computer, (Some of the data were on
the hydrates and hydrachlorides of the amino acids.) Thermodynamic
properties were calculated from the smoothed values of heat capacity
and tables prepared from 0 to 300°K,

The molal values given are based on the 1961 atomic weights and I
the energy unit calorie 1s equal to 4.1840 joules. The references
used in the data analysis are listed at the bottom of each table.




TABLE 1
MOLAL THERMODYNAMIC FUNCTIONS FOR GLYCINE

(m&;&;um)
SOLID PHASE
GRAM MOLECULAR WP, = 75.06765 GRAMS 1 CAL = 4,1840 JOULES
T DEG K= 273.15 + T DEG C
C 0 . C 0 .C 0 0 .C 0 .C
T o (Hp-HG) (B-)/M sy ~(OpH))  =(Gp-HQ)/T

DEG K CAL/DEG CAL CAL/DEG CAL/DEG CAL CAL/DEG
f‘.’\f\” r\.pnr\ ﬁ.’\r\"\ f\.ﬁfw’\ r‘.r\n(\ /\.r\t\r\

NeNNT NgNNQ NeNNY NaNNP NgNN3J NeNNn]

NeN64 N, 155 nen15 NeN21 .50 Nenns

ne232 NeR2D NgNES NeN73 Ne266 NeN1AR

AATe 24,765 r.118 - Nele2 N.R76 NeNbs

1,067 64803 n.272 Ne36n 2,202 n.N88

1,682 134624 Net54 Ne608 4,594 Nel153

24377 234757 Dby NSl 843849 Ne240

3,108 37445¢ 1283 13,868 04347

3,859 b4 63 1,692 214290 04673

4,600 764,010 24137 30.850 Ne617

54217 100,81 2660 42,707 N776

AN 129.14 3.102 56,978 04950

Ao671 160,86 3,609 73,752 1.138

7,284 195,77 2.797 4,127 93,1089 1,330

233,65 3.115 Ge64Y 115,03 1534

21482536 3 Cel74 139,58 1e745%

317,82 5,701 166,77 14962

305,85 64227 156,59 2,184

ISP €a750 229,06 2a611

407 G B Tel63 264,09 2.641

515455 74786 301,72 24874

5704324 34293 341,92 3,198

627420 54799 384465 3,345

RN 429G 429,90 3.582

T46.62 G734 477,63 3.821

BNv 12 NelBG 527483 4,060

B73,.,47 £ 470 1N, 77N 580,47 44300

935,61 6,712 114251 635,52 4,539

10074 Sel8 114727 692,97 4,779

107740 7.180 12419% 752479 54019

114642 74408 124666 Bl4e95 5.258

12c¢lai Tebiz 13412¢ 879,44 56496

129546 7e852 134587 946,23 5,735

137147 54067 164061 1015432 5,972

Jago g n 8,282 164452 1nB6.6 A42089

1526 08 Heb4R 144579 1160,2 babbb

1605, 7 8,701 154382 123640 6.681

169742 8,506 15,822 1316,n 64516

1 1776,2 54109 164259 1394,2 74150

1 1861,3 4309 164692 1476,6 74383

! 1964y ,0 S.203 17.123 1561,2 74615

1 PASICR AP e 704 174051 1647,8 74847

1 2128,0 Y eyl 174975 173647 84077

1 21543 10.0%0 184397 182746 54307

15,81% czl3.1 104280 18.816 192046 8.536

1¢,132 26074 10,469 194233 2015.7 8,764

12,447 2504 44 10,657 194648 211340 8.991

17,783 2602,5 17, Eas 204062 2212.2 9.218

2n,122 271743 P1.030 20,472 2313,56 9,643

2n,458 28n3,7 11.215 20,883 2417.n 94668

2n 795 2AN6 49 Telnr 214291 2522 .4 9,897

Zi.132 3n11,7 11,563 21.658 2629,9 1n.115

265,00 21,472 311642 11.767 Zialna 27394 10,337
276,00 21,811 522044 11,950 244509 285049 10455y
27%3,1% 2ceén 329945 124065 224763 292242 104698
: 22,148 3335,3 1241532 224512 296445 10.780
224482 3467 ,3 174314 234316 3080,0 11.000

2:.814 2561,1 124495 234715 319746 11.220

25,164 3676,0 12,676 264116 331742 114439

23,475 379246 124856 244513 3438,7 114657

23,687 3866,9 124969 24,763 351643 11,754

234814 3910.8 134036 24,910 356243 11,874

ngxsmmumormsommonmxmlmmnssm.

Parks, G. S., Huffman, H, M, and Barmore, M.,

Thermal dats on organic compounds., XI. The heat capacities, entropies
and free energies of ten compounds containing oxygen or nitrogen,

J. Am, Chem, Soc. 55, 2733-2740 (1933).

Hutchens, J, O., Cole, A. G. led Stout, J. W.,
Heat capmcities from 11 to 305 K. and entropies of l-alanine and glycine,
J. Am, Chem, Soc. 82, UB13-4815 (1960).




TABLE 2

MOLAL THERMODYNAMIC FUNCTIONS FOR L-ALANINE

(cna(nne)cucoon)
SOLID PHASE
GRAM MOLECULAR WT, = 89,09474 GRAMS 1 CAL = 4,1840 JOULES
T DEG K = 273,15 + T DEG C
c 0 .C 0 0 0 0.,C

r g o) o 8 ) b
DEG K CAL/DEG CAL CAL/DEG CAL/DEG CAL CAL/DEG
'\.’\(\ !\‘f\r\ﬁ 4".("‘.{\ P.(\f‘u’\ r\./‘\n"\ n.f\(\‘;\ q.r\mn
Re,nn NeN18 NeN1A N,Nog Ne0NG N, NNG Nennl
17,0 o117 N,293 nen29 Nnen3g n.N98 n.nin
15.00 N,40] 1.494 Ny 100 Nel1332 0496 NeN33
20400 r.919 4,701 04235 Ne3ls 1.571 0,079
25,00 1,610 10,570 0,439 04530 3,793 04152
30,00 2et14 204991 N, 700 Ne954 7.620 0s254
35,00 3,289 35,233 1.007 1.331 13,453 0.38¢4
40,00 4,153 53,853 14366 1.687 21,628 D541
45,00 5,0N4 764745 1.705 24425 324393 0.720
alRale S840 103,87 2.077 2.9%¢ 45,935 Ne919
25,00 5,629 135,08 2,456 34590 62,393 1.134
6,00 7,612 170,21 2.837 4,201 81,866 14364
&5, 0N 8.1%5 209,1% 3,218 44824 104,43 le607
70,00 838 251.6% 3,595 54454 130412 14859
75,00 503 297,51 3,967 6.086 158,97 2,120
an, o 17,186 266,72 443% 6a721 190,99 24387
85,70 17,850 399,33 4,698 74359 226419 2.661
50,00 11.45¢€ 455,11 54057 74596 264,58 2,940
38,00 12,305 513.76 5,408 84631 306415 34223
100, 0 12,552 5745415 5,752 9,260 350,28 34509
1nE,0N 13,083 639,27 64088 9.886 398,74 31,7598
117,00 13,612 706406 6e41% 10,507 449,73 4,088
118,00 14,112 775436 £a742 11,123 503,80 44381
120,00 14,603 847,15 7.060 11.734 560,95 4,675
125,07 19,088 921,28 74371 12,340 621,14 44966
12,70 15,572 G956 ,N2 T.677 12.941 684,34 5.264
125,00 16,047 1177,1 7.578 13,538 750454 5,560
1an,0n 16,496 11598,5 84275 14,130 819,71 5.855
145,00 16,925 1242,0 54566 14,716 891,83 64151
159420 174398 122747 840651 154297 966,837 bellb
174800 141546 Yel33 15,874 1064,3 54741
18,24C 1505.,7 Setsll 164446 112546 74035
18,671 1595.0 54685 17.016 1209.2 74329
19,787 1692 .4 9L 955 17.577 1265,7 7.522
15,4698 1788.9 10,222 18,136 1385.n 7.914
15,8995 1887 ,4 1n,485 18,6691 1477,1 8.20n6
27,288 1587.8 10,745 194242 1571.9 8,497
PNJATR 2090,2 11,001 19.788 1669,% ReTR7
21,777 2154 ,6 11,2564 20,330 1769.8 9.076
71,4509 2300,6 11,508 PN .RE9 187248 0,364
205,00 21,847 2409,2 11,752 21,403 197645 9.651
210,000 224253 251y on 110957 21,934 208648 94537
215,00  22.61% £631,5 124,240 224462 2197.8 104,222
220490 23,008 2745 .6 174480 224985 231144 10506
225,00 23,404 2861 .6 12.718 234508 242747 1N, 790
237,00 25,807 297946 12,555 244027 2546,5 11.072
238,00 24,216 IN53,7 13,190 2644543 2667.9 11.353
240,00 24,624 3221,8 12,424 25087 2791.9 11.633
245,00 25,025 3345,9 13,657 254966 2918,3 11,912
250,00 25,418 3472.n0 13,888 264079 Ina7,6 12.190
255,00 25,807 3600,1 14,118 26.586 3179,32 12,468
260,00 26,157 3730,1 16,347 27.n01 3313,5 12,744
265,00 26,595 3862,1 16,574 274593 3450.2 13,020
270,00 27.001 3996.1 14,800 284094 3589,4 13.294
273415 274259 4081,.5 144942 28,409 367844 13,467
275,00 27.411 4132,1 154026 284554 3731.1 13.568
280,00  27.819 427042 154251 29.091 3875,3 13,840
285,00 28,218 441043 15,475 294587 402240 144112
291,07 28,606 4552 ,3 15,658 30,081 4171,2 14,383
298,00 28,984 4656,3 15,920 304573 4322.8 14,654
298,15 29,219 4788,0 16,059 30.883 4419,6 144,824
30N 29,357 4862,2 16,161 31,0664 4476,9 14,923

HgISTHEM{ALPYOFTHESOLIDATODEGKANDlA’IMPRESSURE.

Hutchens, J. O,, Cole, A, G. Stout, J, W,,
Heat capacities from 11 to 305 K, and entropies of l-alanine and glycine,
J. &m, Chem, Soc. 82, UB13-4B15 (1960).
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TABLE 3
MOIAL THERMODYRAMIC FUNCTIONS FOR L.VALINE
((CHy ),CH(NH, JCHCOOH)
SOLID PHASE
GRAM MOLECULAR WT. = 117.14892 GRAMS 1 CAL = 4,1840 JOULES
TDEG K = 273,15+ T DEG C
C 0 .C O 0 .C 0
T € (80-HC) (-5 R (o) -(cg-EY)/T
DEG K CAL/DEG CAL CAL/DEG CAL/DEG CAL CAL/DEG
DL,0ON n,nnn LA e TaYA) ~arnn [alEAlaral f,ann N, NNN
., N n,N2 LA NgNAR Aeintn n,n113 Nenna
10,0 fa24R Ceh?27 N.NnA3 NeNay 21N NeN21
15,77 ne772 2046 Ne20N3 Ne273 leNtts NeNTN
NG l.58" R Oebnul Ne&nN 30168 Nelb
. 28400 2eD2b Lagte s Ne76> Let3oh Tetoo Ne270
30,00 Y -P) 34 et u leldie letly 13,675 el 3
35,00 Gela2 Dirguha lebnd 2ei%¢ Z2en4G 7T NebT2
40,0 R aul OleBnt 2 oG4 . - 104578 Ne%16
un 112405 264572 2 H342509 ls 184
- 191,41 seNCR LNy 124736 1,476
154412 g Secl7 Yo 3by 1,745
24l 480 [ 127,00 ?e117
294 gt 3 15,05 2e5%
Aol e 7 1964%0 Jebln
1, c Z3Ce2l 3el 17
480 s JCEPe 3e54Y
OOLe4T 535485 36527
60 eG 20 GeR 4e3le
100426 Hbhg Sl 4e701
T80 SN FehN SeNGu
AT6e4n 176447 24490
CETgun 07,73 £ a8H%
1n61 ,¢ 725430 542720
115¢ 49 g B8n3,n1
1261,4 17 ,n2l 7
126642 Ingen3y
16474 44 1n,%22
196640 11,329
170647 ile726
18lo.5 124123
1939,2 124511
5 284,067 206245 124832
25,678 218%.8 13,271

26,293 13,645
26,237 3 14,015
27,458 14,381 2he¥ln 11,529
27 4,99% 14,7642 26669 i1le928
28 4u1tk 14097 276l 1243526
2415 10 4443 264171 124722
254277 15,752 Zbe713 13,118
30,112 33004 16a137 CHet90 i3451¢
34062 346041 164,477 352 134905
21,218 361448 16,813 144297
31,771 37723 17147 14,687
3 393245 174475 15,076
4NHL G4 17,805 15,464
4261, 18,132 15,850
wbd'y g & 15 ,a5h 1,3
4600,1 18,776 16,5619
o8 4772 ,7 1S409% 17.002
2 455040 194412 17.383
’ N 512942 ly.728 17.763
2 0 231142 £ e0G2 184142
2 i 549640 204355 184519
. E - 5613,% 2NeHH2 184757
! 268345 2P 667 18,896
Y872.8 2Ne5T5 158,271
6066,9 214287 19.645
6262 ,6 21,595 20,018
E 6661,7 21.9n2 20,4390
6567,7 22 4095 20.623
6662.6 274708 2N, 760

HgIS'ﬂiEENTBAIP!OFTHESOIIDATODMKANDlA‘]MPRESSURE.

Hutchens, J. O,, Cole, A, G, Stout, J. W,

Reat capacities from 11 to 305 K., entropies, and free energies of formation
of levaline, leisoleucine, and l-leucine,

J. Phys, Chem, 67, 1128-1130 (1963).



TABLE 4
MOLAL THERMCDYNAMIC FUNCTIONS PGR L~-LEUCINE
( (CH3 ) ,CHCH,(NH,, )CHCOOH )
SOLID PHASE
GRAM MOLECULAR WT. = 131.17601 GRAMS 1 CAL = L4,1840 JOULES
T DEG K = 273.15 + TEG C
C 0 0 o} Y 0
T % ) @ L @) e
DEG K CAL/DEG CAL CAL/DEG CAL/DEG CAL CAL/DEG
nnnn faNNn Nannn NeNNN NaNANN NeNNN
NeN69 04086 NeN17 Nen23 NeN29 NeNNG
0e535 1.360 Ne136 0182 0.458 NeNGE
1.539 64372 0425 Ne574 2,245 04150
24752 17.072 NeB54 l.182 6,562 Ne328
44046 344030 le3261 14933 14,299 Ned72
S.289 57614 le92n 247R9 26,069 Ne869
6,716 B7.898 511 24,720 42,318 1.209
T.94R 124 464 2,116 P alsl 62,257 1.584
0,175 167,51 ?.722 B.7NR BA,264 1,986
1n,337 216,433 44327 6e73% 120,47 24409
11,419 270,74 4,923 Ta772 156,74 24850
12,474 330448 4908 84811 198,1Y 34303
13,499 395442 6.084 ERY-L3! 244,85 3.767
14,438 469432 bobul 104886 296,569 44238
15,346 3741k Telv? 11,913 353,69 44716
164294 616485 Te7%6 124924 415,81 54198
17.20¢ T0Ze67 Bec67 124969 483402 54683
18,048 79N, 82 e,787 144557 555429 6.170
16,862 Gu,13 94296 15955 632,58 64659
19,648 G2 e43 Ga794 166943 714,82 T.148
27,017 107G8.6 10a292 174520 8n), 08 7.A38
21.167 116345 11,755 18,887 ASa,nn 8,127
21,913 129142 11.228 19,844 790,832 8,616
: 22.618 1402.5 11.688 20,791 1092,.4 94104
125400 23,323 151744 124139 216729 1198,7 94590
126,00 26,015 163547 124282 22657 130947 10.075
2644669 1757.% 13,018 234576 1425,3 10.558
25, 325¢ lBsl e 13,447 240486 1545,4 11,039
264020 201l1.1 124869 254387 1670,1 114518
264674 2142,.8 144285 264281 1799.3 114999
274318 2277.8 14,695 274166 1932.9 124470
274,960 241640 18,100 28,043 2070,9 v 124943
~ 25,608 2557 .4 19,499 28,514 2213,3 13,414
29,261 270241 15,894 294777 2360,1 13.882
20,917 285040 16,286 3046325 2511,1 144349
30,544 3001a1 16,673 31,486 2666,4 las813
3l.160C 3lo044 17,056 326332 2582640 154275
31,767 331241 17,425 334171 298%.7 15.73%
3/4378 3473,1 17.811 34,004 315747 16,193
32,003 363645 18,183 34,831 3329.7 164649
27,640 380341 18,552 354654 350640 17.102
! 344296 367340 18,919 36,473 3686.3 17,554
215,00 34,950 4146,1 19,284 37,287 2870,7 18,003
220,00 A8 AAOR 4227 ,5 1¢,64R 28,0¢R8 4nsa,1 18,458
PPE O as,270 4sny 2 20,n1N0 28,9Nn6 4251,7 TR, 366
2an, 00 26,080 LARE 2 20,271 2,711 4440,2 19,240
23r .~ 27,679 4871,% 2N,732 4n.514 4648 ,8 10,782
240, 0 35,4 5067, 1] 21,062 41,314 4855,5 20,222
245,00 394127 25549 21,453 424114 L061.9 204661
250400 25,858 5453.4 21.814 42,4911 5274,5 21.098
288,00 4Nn,508 565445 224175 43,708 5451.0 21532
260470 4le25A S8B59 .4 27.536 46,504 5711,% 21,967
265,00 4r4157 606d,.1 22.899 454299 593640 224400
27700 4724302 6280,.8 73,262 464094 6164,5 22.832
272415 474467 6416,9 234492 464595 6310.5 23.103
278 43 78" 6497,6 22,628 G4h o BRG 6397,n 23,262
2RO N Lib 656 6T1E LT 23,995 474,686 6633,4 234691
2RE2 0N 4N 877 6944 ,2 28,366 484485 6873.,9 244119
2un,0n 46,556 T174,% 24,4740 494286 7118,3 244546
298,0N0 G7e5¢7 740v.7 254,118 50,089 736647 244972
29841x Gl lah 7260,.4 20358 504598 152543 254240
ANN G0N 484504 76448 254499 5Ne837 761942 254397

Hg IS THE ENTHALPY OF THE SOLID AT O DEG K AND 1 ATM FRESSURE.

Hutchens, J, O., Cole, A, G. Stout, J. W.,

Heat. capacities from 11 to 305 K., entropies, and free energies of formation
of l-valine, l-isoleucine, and l-leucine,

J. Phys. Chem. 67, 1128-1130 (1963).



TABLE 5

MOLAL THEFMODYNAMIC FUNCTIONS FOR L~ISOLEUCINE
( (C}{3 ) ((12}{5 JCH( NHQ JCHCOOH )

SOLID FHASE
GRAM MOLECULAR WT. = 131,17601 GRAMS 1 CAL = 4,1840 JOULES
T DEG K = 273,15 + T DEG C
e € TR Y S S BT T
DEG X CAL/DEG CAL CAL/DEG CAL/DEG CAL CAL/DEG
Ne it [RRSARSTH [ alalal NN NeNNN N NNN
TeiRR fel0G Nefi2? Ne029 DaN37 NeNN7?
TaFE7 Nelfw Nezli Ne557 DeD5E
1% - 5 Neb?3 26 R64 Nel7l
2he 1e273 Ten75 Ne 354
T 1,607 14,RN5 Ne592
1, 2,704 264298 N,877
R 2,370 3.5RY 414954 1.169
ang N 2ev31 Gal4R 2 6240h6 1e552
-l 3,002 Se431l 6,841 le930
ARG LT 6 GebNG 116,42 24328
Ehe NN 1 290477 Gee5N Te393 150491 2e 744
{ 1z 313420 Se220 Be3G7 199437 34173
1k 30406 EL,iB6 Ge2Gy 234485 34613
1 4abgl2 hellS 10,407 284436 44062
! S lie Qe Gabva 114413 335,91 4451%
1 BRI 3 Tel35 12,416 378,48 4,981
! Te971 1344819 463,07 S.b48
] 764,91 Bo456G 144417 522,67 5e91%
i 396,52 F.016 15,404 607,273 64392
1s 902,18 QGa072 16438¢ 686,73 64 RET
2 1051.8 10.Nn18 174362 771,11 Te 344
2 112242 1n,20n5 184326 86N, 7.821
2 126%, 10,783 194282 YH4, 26 84299
2 i37u.4 T1e453 2Ne230 1053,1 84776
4 J R -] 1l1e914 21e1h7 115646 9253
3 16nT7.6 124366 224096 126443 96729
i k lze812 2%4016 127746 1ns204
. 12.2590 234928 1494,9 10.678
IS 13,681 24,821 1616.8 11.151
14,175 25.726 1743,¢2 11,622
la,h23 264614 1874.1 12.n61
14,5725 274497 200G .4 124559
15,261 2843565 Zlay 0 13,024
15a742 2942730 2293,n 13,488
leglse 30050 LHh iy 134950
le.u2Y 30ev39 259349 la,410
16,915 3le754 275047 14,869
17,297 326622 2911.7 154325
17.674 334453 307649 15,779
1&.,047 344278 324642 16,231
18,416 35,007 3419.7 16.681
12,781 38,910 3507,2 174122
18,143 36,716 3778.8 17,576
14,502 37.522 3664 ,4 18.,n2n
16,859 38,321 4154 .0 18,462
2Me214 39.116 4347,4 18.902
20.566 39,907 4545.1 19.341
204517 40695 474646 19.778
214266 4let79 4952.1 204213
Zleb14 424259 5161.4 204646
R B65 559947 214960 43,037 5374,7 21077
40,176 579941 224304 434811 5591.8 21.507
40,750 6NnN1 .5 22.647 444582 5812,8 21,935
414479 6207,° 224989 454360 6037,6 224361
41,807 6338,1 23,204 45,833 6181,2 224629
47,035 6415,6 22,330 46,116 626643 224786
424669 66274 23,669 464879 6498,7 23,210
4324313 684243 244008 474640 6735.0 23.632
434967 706065 24,347 48,4399 6975,.1 24,052
44,640 728240 24,685 494156 721%.,0 244471
45,050 T423473 244898 494632 737446 244735
45,2956 7506,.,8 25,023 494912 T466,7 24,889

HgISTHEENTHALPYOFTHESOLIDATODEEKANDlA‘D!PRESSURE.

Hutchens, J, O., Cole, A, G. and Stout, J. W.,

Heat capacities from 11 to 305 K., entropies, and free energies of formation
of l-valine, l-isoleucine, and l=leucine,

J. Phys. Chem, 67, 1128.1130 (1963).



TABLE 6

MOLAL THERMODYNAMIC FUNCTIONS FOR L~TYROSINE

(Hocé}{kCHQ(rm2 JCHCOCH )
SOLID PHASE
GRAM MOLECULAR WT, = 181.19292 GRAMS 1 CAL = 4,180 JouLES
T DEG K = 273.15 + T DEG C
¥ [¢] 0

T o (“3'*{3 ) (*‘ru'xg ) s'g ‘(GT‘HS ) - (GT"Hg e

DEG X CAL/DEG CAL CAL/DEG CAl/DEG CAL CAL/DEG
[ASalalal n,cnn feN00 NeNNA na0no NenNN
ren2a NeNb 4 NeNO9 0aN12 nf,n1s Nenn3
A.27a NehaT rLATO NeN93 N,232 NaN23
~,9112 34502 Ne234 Ne312 1,175 N.n78
14854 104326 0517 04699 2,634 04182
2,007 224386 Ne895 14232 8,4n2 Ne336
44323 40,4655 1,355 1.894 16,166 0539
Te712 65,734 l.878 24664 27,523 04786
T7.C79 914732 26443 34517 42,948 le074
136,07 3,033 444238 62,78% 14395
181.80 34636 54382 87,29y le746
232430 44242 6363 116,65 24121
29N ,5% 4,842 7358 150,95 24516
153,39 54437 84364 190,25 24927
421,649 €.021 9.373 234,59 34351
494 57 64594 10.381 283,98 3,786
872,59 7.157 11.387 238,40 44230
655,50 7.712 12439¢ 397,85 44681
Tad, 09 Be2d7 134393 462,51 56137
Blu,92 8,789 144386 531,77 5,598
930.74 Q.307 154369 606,16 64062
103046 Ja815 166343 68D, 44 64528
113447 10.315 17311 769.58 54996
124249 10.808 186273 898454 Tobbb
1355,.2 11,293 194229 952430 7,936
147146 11.771 204178 1050,8 8,407
1991,5 12,243 21,120 115%4,1 8,877
171547 12.709 22.057 126¢,n 94348
1843.% 13,171 224989 1374,6 9,819
157%.0 13,628 234,517 1491,9 10,289
211240 14,080 244,839 1613,R 10,759
eZh2 40 14,529 254757 1740,3 11,228
239640 14,975 264671 1871.4 11.696
254440 1%.418 274582 200740 12,164
170400 269642 15,860 28,490 2147,2 12,630
175,00 ¢e852 44 1£4,269 29396 2291.9 13,09¢
18G,.00 3012,.5 16.736 304298 2441 ,1 13,562
185,00 317647 17,171 31,197 2594,9 14,026
177,C0 A4, 17 3244 ,8 174604 324094 2753,1 14,490
195,00 344,818 3516,4.8 18,035 32,988 2915,8 14,953
20Ny S 563, 18,465 32,880 An83A,n 15,415
205,00 36,440 3873,1 16,893 34,769 325%4,6 15,876
210,00 37,261 “nbl,4 19,321 354657 3420,7 16,336
215,00 38,085 4z245,7 19,748 364544 3611,2 16,796
220,00 38,900 4438 ,2 204174 37e429 3796,1 17,255
2256.L0 39,713 4636 ,38 206599 384312 2985,.,4 17,713
230,00 40,512 4835473 214023 394194 4179,2 18,170
235,00 4142307 5039.9 21e446 406073 437744 18.627
240,00 424107 S5248 .4 21,868 404951 4579,9 19.083
245,00 42,514 5461,0 72.290 41,828 4786,9 19,538
250,00 42,741 567746 224710 424703 4998,2 19,993
255.0n 46,575 5898 .4 22,131 43,578 5213,9 20,447
260,00 454416 612%,4 234551 444451 5434,0 294,900
265,00 46,258 6352,5 234,972 454324 5658,4 21,353
270400 47,098 65685,9 24,4392 464197 5887,2 21,805
272415 47,64 6735,1 24,657 464746 6033,6 22,089
275,00 474932 682345 244813 474069 612044 224256
287.C0 46,762 706542 254233 47940 6357,9 22.707
285400 434591 7311,.1 254653 484810 6599,8 23,157
290,00 50,427 7561.,2 26.073 490680 6846,0 234607
295,00 814257 7815,.4 264,493 506549 709646 24,056
298415 S1,782 T977,6 264757 514096 7256,7 24,4339
AN gne ~2.88 gl 7 264,912 Sle417 7351,° 24,505

HSISTHEWAIPYOFTHESOIIDATODMKANDIWPRESSURE.

Huffiman, H, M, and Ellis, E, L,,

Thermal data., VIII, The heat capacities, entropies and free energies of
same amino acids,

J. Am, Chem, Soc, 59, 2150-2152 (1937).

Cole, A, G., Hutchens, J, O, Stout, J. W.,

Heat capacities fram 11 to 305 K. and entropies of l-phenylalanine,
l-proline, l-tryptophane, and letryrosine, Some free energies of formation,
J. Pnys. Chem, 67, 1852-1855 (1963).
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TABLE 7
MOLAL THEERMODYNAMIC FUNCTIONS FOR L-PHENYLALANINE

(CgyCR, (M, )CHOOGH)

SOLID PHASE
GRAM MOLECULAR WT, = 165,19352 GRAMS 1 CAL = 4,1840 JOULES
T DEG K» 273.15 + T DEG C
C 0 ,.C 0 .C 0
T % (HgHg)  (eE)/r sy (opeEg)  -(0REQ)T
CAL CAL/DEG CAL/DEG CAL CAL/DEG
NgNNn n,NNn nNeNNN NyNNN Ny NNG
Na002 Na.019 0e025 Ne031 NeNNE
1,469 Oelu7 0s196 Ne493 04049
6.745 AP Neb10 2,406 Ne 160
17,774 Nn,869 1e236 6.548 0347
35,4240 1e410 24010 15,013 Ne601
594442 lev81 24889 27,222 04907
904591 [S-1-1- 34846 44,033 1.258
128444 34211 44855 65,771 le 644
172457 34835 54893 92,634 2.059
222457 4e4hR] Ee046 124,73 24495
278415 Z.057 BanN5 162.1n0 24947
328,96 S.€49 FeNAZ 204,77 3413
404,67 64226 1n,114 252,72 3.888
415,03 6,786 114156 305,90 4o370
549,73 7.330 12,186 364426 44857
628478 TeB6N 134206 427,74 54347
Tl2e1l4 84378 144217 456431 54839
799 649 8,883 154215 2674B8Y 64332
890460 94375 164200 Eb4EL44 6826
Y8436 Se854 174172 731487 74319
106348 10e32: 18413¢ 820414 TeB1ll
118548 104780 19082 913,18 84312
129145 11,2731 204021 1010.¢ 84791
lann,7 11.672 2Ne95N 1113,4 9,278
151344 12,105 214869 1220.4 3,763
162941 124232 222778 1332,1 1n, 247
1748,6 12,953 23.680 l448,2 106727
187147 134369 244575 1568,.,8 11s206
199841 124780 250862 1693.9 11.682
264319 2128.0 14.186 268343 182345 124156
274031 226143 las¥9 270217 195740 124625
2774k 23842 144585 284087 209940 13,098
28 e65% 253848 154387 284952 223b4< 134965
n 25,164 2682.8 15,781 234812 2385.1 14,030
N 26,872 283N, 4 16.176 AN.667 2536,3 14,493
S INGETC 298146 16,564 31.519 269148 144954
€ 18 3t,287 313642 16,653 320366 289145 154414
1o d 21,999 329440 174339 33,210 3015,4 15,871
195, 32,714 345642 17,724 344050 318346 16,4326
2ns o0 32,427 3621.6 18,108 34,088 3355,9 16,780
Z2nELL0 344101 379Ce5 18,490 354722 353245 174232
Z1n,0n 34,801 3903.0 18,871 364953 371342 17.682
215400 AL ghu? 413941 14,252 376382 389840 184130
227,00 364348 431v.0 19,6322 58209 4087.0 184577
228,00 37.116 450246 Z0.012 39,034 428041 19.023
230,70 37,288 4690,.1 204392 39.85%9 4477,3 15,467
235,00 IR, 662 4881.5 2N, 772 404682 4678,7 194,909
240 ,Nn" 36,455 5076,.8 14153 414004 4886,1 204351
245,07 4n 2ne 527%.9 21,534 424325 5093,.,7 204791
257, 4n 779 5478,8 21,915 43,145 5307.4 214229
5 ) 414755 5685,7 22,297 434964 5525,1 214667
260,70 42 4508 5856,4 224,678 b 782 5747,0 224104
265470 424320 6111.0 23.060 454600 597340 224539
270,00 44,10€ 6329.6 23,443 4ba4l7 6203.0 224974
27341% 44,600 5469,.3 234084 464931 6350.0 234247
£TH,7 7 44,890 655,14 {34826 4T 4234 6437,1 234408
280,00 45,671 6778645 24,4209 4B 4N49 667543 234841
285,00 4b.u48 7008,8 244,592 484865 6917,6 244272
29n,N0n 47,221 724249 24,976 49,679 7164,0 264,703
295,00 47,993 7481,0 25,359 504463 74144 254134
298,15 48,481 7632,9 25,601 51.005 7574.3 25.4006
300, M0 48,768 7722.9 25,743 51,306 7668,9 254563

Hglsmmmcrmsomuomxmlmmm.

Cole, A. G,, Hutchens, J, O, Stout, J, W,,
Beat capmcities from 11 to 305 K. and entropies of l-phemylalanine,

l-proline, le-tryptophane, and l-tryrosine. Same free snergies of 1\ iom,
J. Phys. Chem, 61, 1852.1855 (2963). crmtien



TABLE 8
MOLAL THERMODYNAMIC FUNCTIONS FCR L-TRYPTOPHANE

(CgHgNCH,,( NH, JCHCOOH )
SOLID PHASE
GRAM MOLECULAR WT, = 20k4,23049 GRAMS 1 CAL = 4,1840 JOULES
T DEG K = 273.15 + T DEG C
0 ..C

T G ) GhgR s () (G
DEG K CAL/DEG CAL CAL/DEG CAL/DEG CAL CAL/DEG
aPalal (A Satals (AP Salalel NL.NNN NeNNN NeNNN nLNNN
R 0N Nel1l6 Delse NaN29 n,02s feN&8 NaN10
NN N,896 24293 Ne22%? Ne306 Ne77n0 0.N77
15.00 24393 104371 N,691 0.941 3,760 Ne24Y
20,00 3,947 26,248 1e512 1,842 10,622 0e531
25400 He495 494,850 1,994 24890 224410 0896
0. 00 64595 Ble1n2 24703 44026 39,673 16322
38.00 8,434 11¥.72 Sa420 Sell3 6ce755 1793
40400 GeTl2 165421 44130 6ets26 91.849 2296
45,00 10,991 217404 44823 7646 127,03 24823
80,00 12,200 275,086 E.501 . Be.867 168431 34366
RO,0N 13,310 2138 ,8¢ 64161 10.083 215,69 3,922
60,00 14,402 408,14 6.802 11.288 269412 44485
65400 15,459 482,82 7,428 12,4832 328.%5 5.055
7n.00 16,429 562457 8,037 13,664 393,93 he628
75,00 17,390 6ul 2 2,628 14,831 465,17 64202
8N,0N 18,384 736,55 G207 15,98% 542,21 6,778
BELO0 19.7%28 840485 9775 174128 625400 7353
SoLQ0 204212 G29472 10.330 18,258 712467 Te927
Q5,00 214092 103340 10,873 194374 807455 £.501
100, 0N 21498779 114047 11e407 204478 9307419 24072
135,00 Z¢4818 129247 11.931 214572 101243 9.641
117,.¢0 27,674 1265,0 12 445 224652 1122.¢ 104208
115,00 24,514 148945 12.952 234724 123848 10,772
12 4un AT 161441 13,451 24,785 1360,1 11,3234
125,00 26,169 1742,9 12,943 25,836 1486,7 11,893
130,70 27725 187548 14,430 264879 161845 124450
125,00 27,998 T2013,2 14,912 274916 175545 12,003
laCauh 204163 clb4,8 154392 284946 1897.6 13,554
TaSa0 2C.6N6 230047 15,867 294570 204449 144103
150,G0 30,444 245049 164339 30.988 2197.3 14,649
1558,.0 21,296 260542 16.808 22.000 235448 15,192
16n,00 324155 276348 174274 23,007 251742 18,733
16,00 32,3519 292648 17.738 34401C 268648 164272
177,00 17,871 ANG4 0 1R, 20N 254.0Nn8 2857.4 16.808
175,00 Ih,72] 326545 18,660 36,002 3n34,9 17,342
1en,ne TR 34641,2 16,118 16,572 3217,4 17.874
185,00 JGu? 3621,2 19,575 27.979 3404,8 18,4N4
REREN R8NH,7 Eaakcla] AR L6462 1597,2 18,933
2,191 3594 44 20,084 39,943 379644 19,459
20, AR 4187.6 2Ne€38 406921 399646 19,683
3%, Gue 4385,1 214391 4] 4896 4203.€¢ 204506
40 85 458140 21843 424869 4415,6 21.026
41,712 47%2,4 274295 43,840 463243 214546
474500 500441 224766 44,4810 485440 22063
GlelBy 521946 S34197 454777 5080, 224580
444383 £439,0 23,548 Lb g T2 531147 23,094
wf 287 56632,2 24,199 474707 554749 23.608
GA 200 SRI1 .9 24,58N GR G 6T R7RB,R 244120
474120 6125,2 25,001 494622 6034,5 24,631
LR, ML 63672,1 SEal5H3 £Ne5012 62R85,1 254140
4R, 964 660546 254,904 f1e553 654045 254649
L5, REL 6852,.8 26,397 524513 680046 264156
AN GRNAN 7106445 26,4809 534472 706546 2he 663
S5ial12 136048 274262 544430 733b.4 27.168
5¢e4c85 752446 274,547 554033 1507.8 27,486
9240673 762146 27.715 554387 7609.9 27.672
H2,540 TBB 740 28,168 5he 344 TRB9,2 284176
54,468 815740 284621 574299 8173.3 28.678
58,409 Ra31,7 29.075 584255 8462.2 29,180
She36" 8711.1 29,529 504210 8755,9 294681
StaudH B88Y .6 29,816 “9,812 8943,3 29,996
hleaNT 89784 27,4k 4Nel6b 305643 30,181

HgIS'H!EENTHAIP!OFTBESOUDATODEKANDlATMPRESSURE.

Cole, A, G,, Hutchens, J. O. Stout, J. W.,

Heat capacities fram 11 to 305 K. and entropies of l-phenylalanine,
l-proline, l-tryptophane, and l-tryrosine, Some free energies of formation,
J. Phys, Chem, 67, 1852-1855 (1963).
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TABLE 9
MOLAL THERMODYNAMIC FUNCTIONS FOR 1L-ASPARTIC ACID

(uooccua(ma)CHcomi)
SOLID PHASE
GRAM MOLECULAR WT. = 133.10469 GRAMS 1 CAL = &4,1840 JOULES
T DEG K = 273.15 + T DEG C
C 0 .C 0 .C 0 0 ..C 0
T Cp (Hy-Hg) (Bp-R)/T Sp =(GyeHy) ~(op-H3)/r
DEG K CAL/DEG CAL CAL/DEG CAL/DEG CAL CAL/DEG
nann N NNN NaNnn [alNaTalal [a¥alale] N,NNN NeNAN
&, 00 nyr0D NeN27 AL LY neON? Nynno NenNZ
10,70 n,1en Nett= N, Nug 0 NRG N,145 NeN18%
158.00 NLFR3S 2437¢ Ne156 Ne206 Ne7%7 Ne0SH
20,00 l. 444 Tattlb 0,371 Nel93 2 4bb 0e122
25,00 Za467 174131 0e6b5 06922 5,928 04237
30,00 3,619 324310 1.077 14473 11,870 04396
35,010 44823 53,405 14526 24121 20.818 04595
40,00 66717 B0eolo 2eN13 24843 334200 D830
45,0 TelBa 113453 Ze223 3619 49,335 1.096
ANgNN te294 T1%Z426 ERSALS 44434 69,457 1.389
Ahgnn T 196,36 GenIn 5274 23,720 1.704
Argnn 17343 245,59 LNyl 64130 122,23 2.n37
11,288 29Y 409 4,011 66996 155,04 2,385
leglot 308,454 belli Te865 192,19 2e746
ligvnl 421419 5.016 Be 732 233,68 34116
13,796 48,14 Geltte Yol 272450 3eb94
144,578 “59,10 be> /8 10«0%0 329463 3.878
15,2%7 - 633461 Telit2 114310 384405 44267
15,904 711467 Telb4 124155 442,71 44660
leonn? 73%e%8 Te%4 124990 505,58 5eN56
174267 81 7e9¢6 fe361 13,812 572459 56453
174827 Yot etb Re 778 la,040 643,71 54852
INo64¢ Q4185 154426 718.87 64251
1149,y YebH2 164233 798,05 64650
1246, ek Lt7.020 881,1¢ 74045
1545 .0 Lngszn 17,798 968,23 Tottls8
laa i 46 10724 1845686 i0t9.e Te846
155243 1le088 194,330 11%3,9 Be 242
1627 ,8 1le047 204084 125¢44 84638
176548 11475y 2045730 1354,7 Fe032
186245 124145 2leb6Yy 146047 Feb24
199748 1264386 224301 157044 Fe815
2115,.7 124822 234027 1663,7 10.204
2236 .7 13,154 234,746 l8on,7 10,592
22359 ,2 17,88l Llbgwh? 1921.2 10.978
L4865 340N 2541k6 406>, 5 114363
2olcat Tael22 256867 217248 11.745
¢Ta5,2 144438 264064 2303, 12,126
BT, n laeinl 274256 2438, 124505
EL Y 1t4non £leavud 227645 12,882
27883 Slbvey 124566 2Beb24 271743 13.258
284291 32vCe2 1t .668 254300 286247 13.632
2b,712 36324 124967 294971 301049 léanns
294264 357640 164263 3Nn4.638 3162,.,4 14,375
2G e 752 3724942 lo425%8 Z1e201 3317.2 14,743
AN, 62 3675.5 164,850 3lev61 3475,4 154110
an T 4Nzo ¢ 17,141 3c4617 3636,8 15.476
21,064 GlBses 174,430 334,270 3801,6 154840
3laT76% G340, 17,718 33,920 3969,5 164202
3Ll 4H0N, 5 18,4003 344,566 4140,8 164563
324755 466344 184288 356210 431542 164922
BLa248 LB20 4 lgavil 354851 4492,9 174280
33,741 4995 ,9 184852 364489 4673,7 174637
34,223 S1l6b.8 19,133 37124 4857,7 174992
AL gnu3 SeTa.l 154309 374523 4975.3 18,215
344725 233842 15412 37757 5044,9 184345
35,223 £513,1 194690 38,387 5235,3 18,698
35,730 569N,.4 19,966 39,015 5428,8 19,048
36,248 587N,4 20,4243 39,641 5625,4 19,398
36,775 6052,9 20,518 40,265 5825,¢2 19,746
37.108 6169,3 20,692 404657 5952,7 19,965
374304 623841 204794 4n.887 602841 204094

Hg IS THE ENTHALPY OF THE SOLID AT O DEG K AND 1 ATM PRESSURE.

Huffman, H, M. and Borsook, H.,

Thermal data. I. The heat capacities, entropies and free energies of
seven organic caompounds containing nitrogen,

J. Am, Chem, Soc. 5k, L297-4301 (1932).

Hutchens, J. O., Cole, A. GQ., ie, R. A, and Stout, J, W.,

Heat capacities from 11 to 305 K, entropies and free ensrgies of formation

of l-asparagine monohydrate, l-aspartic acid, leglutamic acid, and l-glutemine,
J. Biol, Chem. 238, 2k0T-2412 (1963).



TABLE 10

MOLAL THERMODYNAMIC FUNCTIONS FOR L-ASPARAGINE MONOHYDRATE
(Nﬂgcocnz(me)cr{coon.xeo)

GRAM MOLZCULAR WI', = 150,13530 GRAMS

SOLID PHASE

T DEG K = 273.15 + T DEG C

1 CAL = 4,1840 JOULES

C o] 0 . C
v b e f )
DEG K CAL/DEG CAL CALﬂﬁE CAL/DEG CAL CAL/DEG
TN g T [ alalsl A gninn NgNnn NeNrn
Ngit2ny [aPYals L Nginy nNyNNR NegNN2
Nal6s [aa T3 AP LA Cel35 NeN14
Nefr? Nelan “e186 NekQ2 NeNG6
« 254 fedlY Nel&3y Zel5T Nell10
Net 1Y Nec2d e inT Ne2l2
0e%91 ] o348 104592 (1e3h6
le645 tevti? loeyds Ne42
1,958 Ze721 30e732 Ne768
24515 3,546 4643583 1en31
3,101 Goeu?7 664707 1e7%26
2,715 e ARFE ang 722 Tesahn
44217 [SERN g 117.8¢ 1,798
4,933 Te302 183,62 Za36R
54547 Pe 304 192,94 26756
6,153 “e313 236,48 %e 160
64752 1ne328 286,03 34576
Te342 1la345 340446 44003
7e926 26364 375453 Gatls3y
24093 13,376 L6388 44883
FeNUG 144332 L3R, PR 54322
G594 154382 6NT 69 He708
11,129 164375 687,09 6He246
10,654 17,362 771,43 6e7N8
11,170 1R4 343 RGN, 7N Te172
11.678 194316 G54 e85 Te€35
12,177 204283 1n53.8 del0n¥
124669 Zlelas 115747 ge5175
12,154 226159 126643 Fe 045
134633 224147 147946 Fe515
14,105 244030 tugil,7 Yo 385
14,572 Zhe027 162000 10e455
12,033 254558 1748,0 10925
144,489 c€anlh 16860,1 114365
15,941 274805 201648 11.864
16,288 284721 2158,1 1243322
TELR22 ?2R.R72 23040 17820
174272 204539 24545 134,267
17.708 Alatt2 26094 134734
18,140 224340 27648, 144199
la,069 33,233 2932,8 14,664
lRL.S94 34,122 3101.2 15,128
15,416 35,007 327440 154591
164835 25,688 2451,.3 16.052
L455 44 20,252 264765 363249 16513
45414 204666 37.63¢ 281849 164973
4RHT 6 21,078 28.,51N 4005, 2 174432
Gr G107 504946 214088 294,377 420440 17.889
44429 R2FL 40 ?1.896 4N 4242 44032,n0 184346
4241%8 habdey 224302 1103 4606,4 18.802
G4, G RHYG LHTH G5 224106 41.962 4814,1 194256
4,606 H89247 232,109 424819 £02640 19.710
bb, e Olldeb £34.510 43,672 S24¢c43 204163
Gigii2Y 6350,0 234909 Ghe523 Yubi,7 20614
474737 Hbhb249 244307 454372 S5687.0 21065
LK g 18 £70174.6 244557 454900 CE3]e¢ Z1e348
404l 7% 24,72 24,703 464217 £916,5 216514
47,157 027,3 2%.097 4740561 5149,6 21963
414866 726448 254491 47,901 6387,1 2244611
4y 600 7506,0 2°¢,.883 48,740 €628,7 224857
46,711 7780,7 26,274 49,577 FRT4,58 23,303
44,763 790648 264519 50,103 TO31a.4 234584
300400 H0 Gl 799741 2646064 506412 T124,4 234748

HgISTHEENTHALPYOFTHESOLIDATODmKMDIANPRESSURE.

Huffman, H. M. and Borsook, H,,

Thermal data, I, The heat capacities, entropies and free energies of

seven organic compounds containing

nitrogen,

J. Am, Chem, Soc, Sk, L297-4301 (1932).

Hutchens, J. O., Cole, A, G., Robie, R, A, and Stout, J. W.,
Heat capacities fram 11 to 305 K, entropies and free energies of formmtion

of l-asparagine monohydrate, l-aspartic scid, leglutamic acid, and l-glutamine,
J. Biol. Chem, 238, 2L07-2412 (1963).




TABLE 11

MOLAL THERMODYNAMIC FUNCTIONS FOR L-GLUTAMIC ACID

(}KKﬁ(Cﬂa)z(nna)cncoon)
SOLID PHASE
GRAM MOLECULAR WT. = 147.13178 GRAMS 1 CAL = 4,1840 JOULES
T DEG K = 273,15 + T DEG C
0
T g (0-13) (89-HC ) /2 s9 -(Gg-}{g) -(op-HO) /2

DEG K CAL/DEG CAL CAL/DEG CAL/DEG CAL CAL/DEG
LT AN a i TN Nginn NeNNAN NgNNN
b 1 PN .Y NeTNE fenll NeNN2
b fenEe e 067 na167 Nenl?
Zavls Deleb Nec?b 0e843 0.0n56
7,767 APELN] 06520 2eb40 0,132
17,913 Ca717 N.56% 6e301 0e252
34,001 14133 leuby ldg 240 04418
56,551 14617 Jeinb 27.00% 04629
33,811 24145 3,024 35,146 0.875
121,51 24700 21.8673 524343 1.163
163,54 2,271 bLeT4RB 73,856 14477
211,61 3,868 f.663 $9,873 1,816
265,33 44422 64537 130.52 24175
324,41 4e591] Teb43 165,87 24552
168,53 24550 Be493 205,95 2,962
ah 29 64097 Qe441 25079 Y344
5310456 €e632 1ne387 300.36 2,754
606430 Tel%6 116325 34,65 4elT2
B 690425 74665 124265 413,66 44596
E 776,12 5.170 130194 477,29 54026
1m0 865468 R,657 144112 R45,56 54456
I 9hg,51 94121 15,021 618,40 54890
11 1nk5,5 94566 15,621 655,76 64325
11¢ 1155,7 1N 049 1he811 TT17479 Hel62
120 21,17 1259,1 43 174692 563455 7199
12 214643 1369,6 26 184562 954,45 74636
1 20,256 147,06 1544253 1n6%,5 5,073
L 2¢g5ch 188,86 20ec T 1Ya8,7 84509
14, Zi,533 1704,8 214121 125242 de 044
: 123 1622,9 12.07% 214557 1355,% 24379
717 13456,0 12973 274780 1471,8 9.812
ol 2071,1 1342R2 234606 1587,7 10,244
524 2199,2 12,745 26,41% 1707,8 10,674
717 2320,3 14,123 254226 1831,9 11,103
w7 2666 .6 16,456 26,026 1960, 1 11,530
AT 260143 14,864 264820 2nGe.2 11,955
2741,1 194228 27.607 222842 124379
28b3,7 1545588 264385 2368,2 12,801
302%43 15,944 294160 251241 134222
317747 16.296 294536 265549 134640
332049 16.60¢ 30,702 281145 14,057
368249 164960 3let62 296649 164673
3635,7 174322 32,215 212641 144886
2799 ,4 17.672 3240970 3289,1 154298
356241 18,002 213,718 3455,8 15,708
4127.,6 1843645 b b62 262642 164117
42G6 0 18,678 35,202 3300,4 16.523
6467,2 16,010 35,938 2678,2 164929
4Eul,2 154338 364671 4156,8 174332
4816,0 19,665 37.400 4344,9 17.736
499746 194991 354126 4533,8 184135
516041 204314 3848648 472642 184534
5365,5 204637 39,568 492242 18932
5553,8 204958 404285 5121.9 19.328
5744,9 21.278 41.000 5325,.1 19,723
586649 214479 414649 5454,9 19,971
5517,0 21,596 414712 5831,9 204116
£136,0 21.916 424,422 RT4242 20.508
4n, 276 6335,9 224231 43,130 5956, 1 204899
4o 861 6538,7 224547 43,835 6173,5 214288
4] u95 6744,7 224863 444539 £3594,4 21.676
4,886 657640 23,062 44,962 65354 21.520
4c41G9 6953 ,7 234178 54242 661t, 224063

ng IS THE ENTHALFY OF THE SOLID AT O DEG K AND 1 ATM PRESSURE.

Hutchens, J. 0., Cole, A, G., ie, R, A. and Stout, J. W.,

Heat capacities fram 11 to 305 K, entropies and free energies of formation

of l-asparagine monohydrate, leaspartic acid, l-glutamic acid, and l-glutamine,
J, Biol. Chem., 238, 2ho7-2412 (1963).



TABLE 12

MOLAL THERMODYNAMIC FUNCTIONS FOR L-GLUTAMINE

(E,CO(CN,, ),, (MH,, )CHCOOH )
SOLID PHASE
GRAM MOLECULAR WT, = 146,14705 GRAMS 1 CAL = 4,1840 JOULRS
T DEG K = 273.15 + T DEG C
o 0 0 0 (o)
T o (Hg-HS) (B 8] -(ofH))  ~(ag-HD)
DEG X CAL/DEG CAL CAL/DEG CAL/DEG CAL CAL/DEG
n,nn [aalalal n.NNN n,nan n,nnn 0,000 N.N00
c.0n Y n.noe n,Ong n.0n7 0009 0.002
10,00 0,177 Osbtihs 0,044 04059 0.148 0.015
15,00 04598 2244 0.150 04200 0e749 0050
20,00 1,389 7.048 04352 06471 2,363 0.118
25,00 2,507 16,686 0,667 04896 54715 0229
30400 3,811 324420 1.081 14466 11,564 04385
35,00 5,217 54,969 1.571 2.159 20.580 0.588
40,00 64617 84,568 2,114 24947 33,310 0.833
45,00 7.991 121,10 2,691 34806 50,166 14115
50,00 9,304 164,38 3,288 4,717 71,455 1,429
55.00 10,527 213,99 3,891 54661 97.389 1,771
50,00 11,693 269,56 4,493 6.628 128.10 2,135
65,00 12,771 330,77 5,089 7,607 163,69 2,518
70,70 13,760 397,13 5,673 84590 204,18 2,917
75.00 14,695 468,28 6,264 94572 249459 3,328
80.00 15,615 544 405 64801 104549 299.89 3,749
85.00 16,554 624,49 74347 1l1e524 355.08 40177
90,00 17,391 709440 7.882 12,495 415413 4a613
95.00 184125 798421 8,402 134455 480,00 5.053
100,00 18,863 890.68 8.907 144403 549,65 5,497
105.00  19.593 986.82 9.398 15,341 624,02 5,943
110,00 20,316 1086 .6 9,878 164270 703,05 64391
115,00 21,031 1190,0 104348 17.189 786,70 64841
120,00 21,691 1296,8 10,807 18,098 874,92 7.291
125,00 22,323 1406,8 11,255 18,996 967.66 Te 741
130,00 22,991 1520,1 11,693 19.884 106649 8.191
135,00 23,678 1636,.8 12.124 204765 1166,5 84641
140.00 24,339 1756,8 12,549 21,638 1272.5 9.089
145,00 24,977 1880,1 12,966 22,4503 1382,9 9.537
150,00 25,615 2006,6 13,377 23,361 1497,5 9,983
155,00 264259 2136,3 13,783 244211 161645 10,429
160,00 26,903 2269.2 14,182 25,055 1739.6 10.873
165,00 27,546 2405,3 14,578 25,893 1867,0 11,315
170,00 28,183 2544 ,6 14,969 264725 199845 11,756
175,00 28,815 2687,1 15,355 27.551 2134,2 12,196
180,00 29,440 2832,8 15,738 28,371 2274,0 12,634
185,00 30,061 2981,5 16,116 29,186 2617,9 13,070
190,00 30,679 3133,4 16,491 294996 2565,9 13,505
195,00 31,296 3288.3 16,863 30.801 2717,9 13,938
200,00 31,916 34464 17,232 31,601 2873,9 14,369
205400 32,539 360745 17,597 32,397 3033,9 144799
210,00 33,163 3771,7 17,961 33,189 3197,9 15,228
215,00 33,787 3939,1 18,321 33,976 3365,8 15,655
220,00 34,413 4109.6 18,680 34,760 3537,6 16,080
225,00 35,049 4283,3 19,037 35,541 371344 16.504
230,00 35,696 446041 19,392 36,318 3893,0 164926
235,00 36,351 4640,2 19.746 37,093 407645 17,367
240,00 37,007 4823,6 20,098 37.865 4263,9 17,766
245,00 37,654 5010.3 204450 38,635 4455,2 © 18,184
250.00 38,285 520041 20,801 39,402 465043 18,601
255,00 38,897 5393,1 21,149 404166 4849,2 19,016
260,00 39,492 558941 214497 40927 505149 19,431
265,00 40,075 5788,0 214842 414685 5258,5 19,843
270,00 40,655 5989,8 22,185 424439 5468.8 . 204255
273,15 41,021 6118.5 22,400 42,913 5603,2 20,513
275,00 41,237 619446 224526 43,4191 568249 20,665
280,00 41,823 6402,2 22,865 43,939 5900.7 21,074
285,00 42,408 6612.8 23,203 44,686 6122,2 21.482
290,00 42,987 6826,3 23,539 45,427 6347,5 21,888
295,00 43,563 7042,7 23,873 46,167 6576,5 22,293
298,15 w3027 T80 .4 26,83 4k L6731 6722,7 22,548
300000 wél, e ToLi ualh vt 2R07,2 22,697
HE IS THE ZNTHALFY OF THE SOLID AT O DBG K AND 1 ATM PRESSURE,

datcrers, Jo O,, Coue, A, G., Roble, R, A, and Stout, J, W,,

Jest capacities fram 11 to 305 K, emtrupiss snd free energies of formation

of l-asparagine monohydrate, l-aspartic asid, leglutsmic acid, and l.glutamine,
J. Biol, Chem, 238, 2k07-2412 (1963).
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TABIE 13

MOLAL THERMODYNAMIC FUNCTIONS FOR L~LYSINE HYDROCHLORIDE

((NH3CL)(Cﬂg)u(NHQ)CHCOOH)
SOLID PHASE
GRAM MOLECULAR WT'. = 182,65165 GRAMS 1 CAL = 4,1840 JOULES
T DEG K = 273.15 + T DEG C
c 0 .C 0.C
d G GhH) G s () (o
DEG X CAL/DBEG CAL CAL/DEG CAL/DEG CAL CAL/DEG
A on nenON NaNnn T ongrnn Na 0NN NeNON NeNNN
BN N.n62 0,077 04015 N0,021 NeN26 DennsS
10,00 fa499 1,248 N4125 Nel66 0,415 Ne041
ca 14552 64139 04409 06549 2.089% 00139
FRR 2,934 17.290 N.664 14181 64322 De316
25,00 4 696 35,782 14431 1,969 144202 N.568
KRty s,191 624477 2.082 2,568 264565 N.886
RELON GT7.747 24793 LoNB2 44,074 1.259
40,00 1a1,51 3,538 547210 67,221 1,681
[ IREFS-14] 44,300 bHgllr] She 550 2el41
50,000 174828 252,62 5,072 74706 131,70 24634
85,70 14,704 121,76 5,850 GeNNG 173,47 3,154
[Pt 17 4847 147,38 £.623 104319 221,77 3.696
65400 174257 430418 74387 11eb44 276,68 44257
Tretn 168,569 569475 8,139 124971 338,22 44832
7820 17,785 665,59 84875 144293 406,38 5.418
Ao, e ; 767,66 94596 154610 4R1,14 6,014
875,50 10,306 164923 562,47 64517
7 291,18 11.002 18,278 66N, 35 7,226
Zna304 1106 ,6 11,680 164520 744,73 74939
20 o601 123441 12,341 20,797 840,54 8,455
26,159 1163,6 12,987 224040 982,67 9,073
27,372 1498,1 13,619 234311 1066,1 94692
inedld 163743 144236 244548 1185, 8 104311
i3 14,843 2547753 1311.¢ 104930
77 15,435 26483 1442,5 11,548
28 164015 28417% 158140 12,164
75 16,583 254362 172944 12,779
17,140 21,522 187541 12,393
17.686 31,690 2030, 5 14.nn6
18,223 32,4835 215144 14,612
18,750 238R,0 15,210
19,269 2531,5 15,822
15,779 364202 27056 16,423
204282 174303 2893,% 17.021
26,778 38,354 3082.8 17.616
21,266 354475 227744 18,208
21,749 40560 347745 184797
224,224 414608 3682.9 19,384
224,694 L2 4661 31893,.6 15,967
234199 43,706 4109.5 20,547
22,618 b44,T7472 4320,6 214125
26,074 48,772 4556,0 71,700
24,525 46,796 4788,3 22,271
24,572 47,812 5024 ,9 22,840
25,416 48,623 5266.,5 23,406
é 25,857 494,627 5513,.1 23.970
464852 264296 50e827 5766,7 244531
47,635 264732 514821 602143 25.089
G5 b2 27167 524812 626249 25,645
454206 274600 53,798 654944 264198
50,01% 28,032 54,781 682049 26,749
BN,R0G 28,462 B6,769 7097,2 27.297
51,586 26,651 564735 7378,5 27.843
&2 ,371 791641 20,319 574706 766446 28,387
5. 870 8nB1,8 26,588 584317 7847,3 284729
51,166 8173,9 26,745 584674 7955,5 28,929
5 i B4uT7 .8 30,171 59,640 8251,.3 25,469
Bl a7 871%48 10,556 60602 8551,9 30.0N7
L 239641 31,021 61.563 885743 304543
LYY TS 27647 31,447 624523 916746 31,076
574156 945549 31,715 634127 936545 31412
307,60 57,483 956149 31,873 63,482 9482,6 31,609
Hg IS THE ENTHALPY OF THE SOLID AT O DEG K AND 1 ATM PRESSURE,
Cole, A, G., Hutchens, J, O, Stout, J. W., -

Heat capacities from 1l to 305 K. and entropies of l-arginine, HCl,
1-histidine, HCl, and l-lysine,HCl,
J. Phys. Chem. 67, 2245-2247 (1963).
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TABILE 14

MOLAL THERMODYNAMIC FUNCTIONS FOR L-ARGININE HYDROCHLORIDE
(NH,C(=NH ,C1 )NH(CH, ) (WH,, JCHCOOH )

GRAM MOLECULAR WT, = 210,66505 GRAMS

SOLID FHASE

T DEG K = 273,15 + T DEG C

T G )

CAL

GENG o b

YHNG Gk
61 et bh 101174
beg?it 107313,
S 0107 104728 o

() e

CAL/DEG

NgNON
Ce017
Cel32

0,418
N,867

1.462
2,120

24872

3,676
4,51N

5,360
6ell5
7064
74905
83,732
G539
10,227
1140099
11,854
12,489
12,204
13,999
144679
194544
15,563
164629
174252
17.864
1R 466
16,058
19,640
20,213
2n.778
21.335
214886
224430
22,968
23,500
2644026
244547
2E.064
25,575
26,083
26,587
27,087
27,583
28077
26,568
29,056
294941
30.024
304505
30,984
314462
21,938
324237
324412
32,885
22,287
33,826
344294
34,588
34,761

0
Sq

CAL/DEG

NaNNN
04022

Nel76

Ne563

14191

202N

3.n18

4e154

54373

6,7N8

BeN77

Y482
10,309
124345
13,7%¢
154229
16,658
18.07%
19,420
20,836
224764
23,626
244973
264305
274621
284923
30210
514485
32747
332,998
35,4236
36.46¢
274677
38,8872
40a07¢
414265
42 4442
43,611
4771
h54923
L7057
484204
4G 4324
50,457
fl.574
924685
934791
56,590
554985
574074
2841589
hQer39y
604315
61,388
h24456
h3,128
63,521
644582
6R 4,640
664694
67744
684404
6B. 771

1 CAL = 4,1840 JOULES

e
CAL

NeNON
NaN28
[ PTEN
24187
6,uB4
14,434
26,966
L6 RGE
68,677
98,902
135,84
175,73
230,70
2886485
354,20
426,76
5N6,48
563,32
687,25
788,20
896,08
1010.8
113245
126045
1395.3
153647
1684,5
1828,8
1999,4
2166,2
2336,13
2518,6
27n3,9
2R95,3
IN92.7
3266,1
350544
3720.5
39414,5
416842
44007
4638,9
4882,7
5132,2
5387.3
5647.9
5914,1
6185,8
6463.0
574547
7033,8
732742
762641
7930,4
8240,0
84137,8
8555,0
8875.2
C20N,R
983146
98677
10082,
In2o9.

ﬂg IS THE ENTHALPY OF THE SOLID AT O DEG K AND 1 ATM PRESSURE.
Cole, A, G., Hutchens, J. O, Stout, J. W,

Heat capacities from 11 to 305 K. and entropies of learginine,HCl,

1-histidine.HCl, and l-lysine,HCl,
J. Phys, Chem, 6, 2245-2247 (1963).

-(cp-ES )/
CAL/DEG

Nennn
2.0n6
De b4
04146
0.324
0577
n,859
1.281
1,717
2,138
2.717
3,268
3.845
bbbl
54060
5690
6e321
64280
74536
84297
8.961
9,627
10,294
10,961
11.628
12,254
12,958
13.621
14,281
14,940
15.5%6
16,249
156,900
17,547
18,4193
18,835
19,474
200111
204745
21,375
22,003
224629
23,251
22,871
24,488
254,102
254714
264323
264329
274533
284135
28.734
29,331
29,926
3N,519
3n.3891
31.109
31,697
32,283
324868
33,450
32,816
34,030




TABLE 15

MOLAL THERMODYNAMIC FUNCTIONS FOR L~HISTIDINE HYDROCHLORIDE
(03113112(1!01)01{2(%)0“000!{)
SOLID FHASE

GRAM MOLECULAR WP, = 191,61850 GRAMS 1 CAL = L, ,1840 JOULES
T DEG K = 273.15 + T DEG C

@) e 8 ) e

CAL CAL/DEG CAL/DEG CAL CAL/DEG
0,0NN Nannn NeNNN n,nnn NgNNN
N,N66 Gan13 NeN17 n,n22 Ne N4
1,046 N,a1n05 Nel3g 0,349 NeN35
5,214 P.348 Netbh 1,757 N.117
15,584 N.779 14,051 5,438 Ne272
347,140 14266 14872 12,660 04506
61,913 24064 24874 24,6468 0.816
93,409 2840 ba032 41,695 14151
146,46 34662 54284 64,952 le 624
202476 4,506 64610 94,666 2,104
267,95 £,359 7.982 131,13 24623
241,45 64,208 9,381 174,53 3,173
472474 7,046 10,795 224497 34749
“11,47 7,869 12215 282,49 44346
6n7.11 8,673 13,632 347,11 4,959
06,14 9,455 15,029 418,79 5,584
617,34 10,217 16,435 497,48 6,218
31,67 1n,961 174621 583,13 64860
1n51,8 11,687 194196 675,67 7.507
1177,1 12,391 204569 775,04 84158
120744 13.074 214885 £81.13 B.811
274490 1442,4 13,737 23,203 993,86 Q465
28,447 158¢43 14,386 244504 1113,1 10,11y
294359 . 1726,8 15,015 25.788 1238,9 10,773
30,239 187948 154632 27.056 1371,0 11,425
CRIGN12: TR 2029,2 0 16,233 284309 1509,4 12,075
218649, 16,823 294546 1654,0 12,723
234%,1 17,401 N, 770 1804 ,8 13,369
251%,8 17,568 21,981 1961,7 144012
i68641 18,525 33,178 2124,.56 14,653
2860 ,8 19,072 34,362 229345 15,290
03946 19,610 35,534 2468,2 15,924
222245 204140 364690 26645,8 16,555
360Y,5 20,664 374647 2835,2 17,183
260048 21.181 38.98% 2027.3 17.807
3179641 21,692 404121 3225,0 184429
2995,5 22,197 414264 3428,4 19.047
4198,8 22,696 424258 2637,5 19,662
4406,1 23,190 43,466 3852,0 20,274
LE1T .4 23,679 464561 4n72,1 20,882
4832,7 24,163 45,651 4297,6 21.488
505241 24,644 46,735 4528,6 22.091
5275,6 25,122 47,812 4765,0 22,690
8503,2 25,596 48,883 5000,7 23,287
5734 ,6 26,067 49,945 5253,8 23,881
225,00 597044 26,535 51,007 550642 24,472
230,00 6210,0 27.000 52,060 5763.8 25.060
225,00 64535 274462 53,107 602648 25,646
2642400 670049 27,920 b4,149 6294,9 264229
245,00 695244 284377 55,186 6568,2 26,809
250,00 720841 284832 564219 6846.8 27.387
288,00 7468 .0 29,286 57,249 7130.4 27,962
260,00 7732.2 29,739 58,275 76419,2 28.536
2e5,.00 80n0,8 30,192 59,298 7713,2 29.106
270,00 8273.5 3n,643 60,317 8n12,2 29.675
272.15 8447 .4 30.926 60,558 8203,2 30,032
275,00 855043 31,092 61,333 8316,3 30,241
280,00 §831.3 314540 62,4346 862%,5 30.805
11642 31,987 634355 8939,8 314368
940543 32,432 64,360 9256,1 31,928
S698,4 32.876 654362 9583.4 32,486
298415 2885,1 332,155 65,992 $790.3 32,837
3rn, 00 9995 .6 33,319 664261 9912,7 33,042

nglsmmmormsomuomxmlmmsssm.

Cole, A, G., Hutchens, J. O, Stout, J. W.,

Heat capacities fram 11 to 305 K. and entropies of l.arginine HCl
l-histidine,HCl, and l-lysine.HCl,

J. Phys, Chem, 67, 2245-2247 (1963).
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TABLE 16

((HOOC(NHL, )CHCH,S- ), )
SOLID PHASE

GRAM MOLECULAR WT, = 240,30154 GRAMS

an,on
85,17
27,80
52400
1000
108400
11Nn,0C
11z
120,00
125,00
13n,07

138,407

145,70
150,20
155,20
165,00
165400
173.7C
175.00
18n,:0n
188,10
150,00
198,70
2nn NN
205,00
210470
215,
22N G0
225400
230,10
235,00
240,00
248400
280,07
288,00
260,00
265,00
27n,Nn
273415
275400
280,00
285,60
290400
295,00
295,15

3nn, 00

62,622
62,9724

T DEG K » 273,15+ T DEG\C

]

) adEm s
CAL CAL/DEG CAL/DEG
NeNNN fenNNN NeNAN
N,NK2 fent3 NgN17
N30 £ ana9 Nel32
4,888 0326 06437
144,509 fa725 Ne9QR1
3i.833 14273 1a747
57,818 1,927 24630
¥2.852 24653 2,766
130,94 2,473 44541
187476 44217 60183
£ e023 Tetlb
o831 8,756
6.634 10,144
74430 11,5032
57%,18 8G217 12,869
AT4e1N R,588 14427
779,66 [,746 15,596
891,88 10,493 16,956
101044 11.227 18,311
1134,.8 11,945 194655
1264 4,6 12.646 204987
139549 12,333 224307
1540.6 144,006 234616
168647 14,667 264915
1837.9 15,316 264202
19594,3 15,954 274478
215%,7 16,582 284744
232241 17201 3N nnn
2457546 17,811 31,247
2667 .5 18,413 324484
285140 33,712
303648 344931
322745 364142
3827473 204745 374344
462241 z1le312 354535
187745 14074 194726
4n37,3 22,430 40,906
4251 .4 224980 42,079
4y 70,0 22,526 43,245
4693, 1 24,067 4helnG
4920 ,7 24,604 45,587
5152,06 25,135 464,702
5388,.,9 25,662 474841
562% 46 26,184 484,573
5RT446 2€.703 50,100
tllaa0 274218 5lec2l
37746 274729 52336
6635 4,6 284236 53.449
6B37,8 28,741 544549
7164 .4 294242 554649
T435,3 26,741 S6e743
7710.6 3IN,237 574833
769n,1 20,731 584919
8273.8 31,222 604NN
§961,17 31,710 6l.n76
8745,2 32.016 61,752
853,17 324195 624148
514948 32,678 63,215
945041 23,158 644277
9754 44 32,636 654336
10063, 34,111 664391
10259, 34,410 67,053
10375, 34,585 674441

MOLAL THERMODYNAMIC FUNCTIONS FOR L-CYSTINE

1 CAL = &,

0 ..C
-(GT.HO)

CAL

neAnn
nen21
Ny 123
le662
S5e1n4
11,840
224867
38,958
60,691
884,477
122460
163,28
210463
264,74
A25,67
293,43
468,01
549,39
637,506
732,48
834,09
942434
105742
117845
130643
144045
1581,n
1727.9
1881,0
2040,4
2202,9
2377.5
255542
2738.9
292846
2124,2
3225,8
3533,3
3746,6
2965,7
4190, 6
4421.3
4657,7
43859,7
B147.4
540047
5659.6
£924,0
619440
646945
6750.5
7N36,9
7328,8
7626,1
7928,8
8122,3
823649
855063
8869.0
9193,0
952244
9732,5
9856,9

Hg IS THE ENTHALPY OF THE SOLID AT O DEG K AND 1 ATM PRESSURE.

Huffmen, H. M. and Ellis, E, L.,
The heat capacities, entropies and free energies of
four organic campounds containing sulfur,

Thernal data.
J. Ap. Chem. Soc. 57, 46-48 (1935).

III.

Hutchens, J. 0., Cole, A, G. and Stout, J. W,,

Heat capacities and entropies of l-cystine and l-methionine,
J. Biol, Chem, 239, 591-595 (1964),
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1840 JOULES

~(Gp-Eg)/T
CAL/DEG

nennn
nennu
NeN23
Nelll
Ne?255
DeltT4
Ne762
1,113
1,517
1,966
20452
24966
3,511
4,n73
44652
o246
%4850
64463
T.084
7.710
8e306l
84475
Seb10
10.248
10.886
11.524
12,162
12,739
13,436
14,071
14,706
15,338
154970
164599
174,227
174853
18.477
19,095
194719
20,7337
2N0,953
21,567
22,179
224789
234397
244003
244607
254,209
254808
264406
27.n02
27.596
28,188
28,778
294366
29.736
294952
304537
31.119
31.700
32,279
32,643
32,856



TABIE 17

MOLAL THERMODYNAMIC FUNCTIONS FOR L-FPROLINE

(ChHeNCOOH)
SOLID PHASE
GRAM MOLECULAR WT. = 115.13298 GRAMS 1 CAL = 4,1840 JOULES
: T DEG K = 273.15 + T DEG C
Cc 0 ..C 0 0 (¢] 0 .C
T & (H2-55) (H0-HO) / S ~(69-KS) ~(Gp-K0) /T
DEG K CAL/DEG CAL CAL/DEG CAL/DEG CAL CAL/DEG
A, 00 [P elele] N6 00N r.000 Ne 00D Na0ND
5«00 4039 0049 0010 Ne013 0e016
10,00 0.310 0.780 0,078 0s104 0.261
12490 0,981 3.828 Na255 Ne342 l.305
20,00 1,989 1lelel 0ev58 06757 345872
25,0n 2,114 234900 N.356 14321 94126
30,00 4,2A7 424369 let12 1,991 174268
35,00 Hetll L6 GLEN 1,902 Za T35 29,4155
40,00 6,494 Y6 4353 7,409 34549 44,738
45,0N 7.512 141,439 2.920 44353 64,493
50,07 Ba4bY 171436 seu27 54194 8,356
55,30 Fe30 215482 EFER Ce041 116,44
60400 10,144 264451 4408 64888 148,77
65400 10,912 317417 44880 76731 185,42
70,00 11,607 373,01 Said6 Bebb5 226400
75400 124272 433621 el ib Je389 270495
8N, N0 leay3a G4yt ech Lel03 10602 3lvevs3
85,00 13,553 562 4R o017 114005 372490
9r N la,12% 631469 7.0l 11.7%6 425,06
95,40 14,675 Tnz,72 T unb leando 49N, 90
100,00 15,194 778440 Te784 134361 555,69
105,00 15,703 Bo5 b4 Baidy 144090 624429
11n,00 16,21% Gi5,43 84504 la 4837 696462
115,70 16,721 101748 e850 15,269 17¢eb4
120e 20 17,244 110247 Yel8Y 1622 B52acY
129400 17,748 119042 Y422 174006 53b,04
130,20 18,256 12802 YebBLY 17e112 102243
125, 18,767 1%iceb 1C.169 Ineall 111246

140 1u6 7 a7 1Ne4 Bt M 102 1206,4
145, 15695 INe 747 154788 1302,.7
1501 166548 11,109 2044617 1406,3
176847 11e411 Zlelbl 150843
187445 11,714 SleHis 1610,7
~ 198245 174015 Zlau78 [725.4
2é b8 2093473 124514 Jxelhn 184045
2 e 124611
z 1 12,906
gt P 24400
13643
12.785
la,n075
las262
16,650
14,936
144,271
Ii.2n5
15,708
le.070
1647492
1Fen2
37 ltbevid
3 17e151
Kl 174470
3 17,749
31 4867,2 12,027
3% R A 184,202
3% 5N32 .7 19,304
4,100 SOz .o TEGNRT 184424
Ay kG RN 12,5859 18,756
304190 554743 174136 19,086
35,748 DTL647 lye4l2 194415
304106 SY37.8 154587 19,623
36,315 590648 1746E9 19, 744

Hg IS THE ERTHALPY OF THE SOLID AT O DEG K AND 1 ATM PRESSURE.

Huffman, H. M, and Fox, S, W.,

Thermal data. XIII. The heat capacities and entroples of creatine hydrate,
dl-citrulline, dleornithine, l-proline and taurine,

J. Am, Chem, Soc, 62, 3h6u-3465 (19%0).

Cole, A, G., Hutchens, J. 0. Stout, J. W,,

Heat capacities from 11 to 305 K. and entropies of lephenylalanine,
1-proline, l-tryptophane, and l-tryrosine. Some free energies of formation,
J. Phys, Chem, 67, 1852-1855 (1963).
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Section II

Heats and Free Energles of Formation
of Compounds of C, Hy Ny Oy P, and S

Eo Se Domalskl and George T. Armstrong

The data on the accompanying tables were obtalned by a search of
the references listed, each of which is a competent review of thermo-
dynamic data covering many of the compounds of interest. Where data werse
available in Reference 1 they were used, Values found in Reference 2
were taken if informetion was not found in the other references, The
list is given in the Appendix of NBS Report 8521 and was used as =
basis for the searche Only a few compounds were included in the table
which were not on the original list, On this account, the 1list of
compounds is by no means complete, and it will be augmented in the
future. While data in Table 1 may be expected to be the best available
for most of the compounds, new data may be available for a few, and not
have been included in the reviews searched, Estimates of the uncertain-
tles which should be ascribed to the data have not yet been made here,
Absence of data for a compound listed in the table does not necessarily,
at this stage of the study, mean that no measurements have been msde on
the compounds We have had no way of indicating partial data, insuffi-
cient for calculation of enthalpy or free energy of formation., In
addition, as mentioned before, very recent publications have not been
covered thus far in the search.




TABLE I

Preliminary Table of Selected Thermodynsmic Data on Compounds of CHNOPS

Containing Not More Than One C Atom per Molecule

o -]
Empiricel Functional Group Name State Aﬂf298 AF;‘)B 5298 Ref,
Formla Formula 1 1 1, -1
kcal mole - kecal mole ~ cal mole ~deg
c c carbon, monatomic g 171,291 1604442 37,760 [1]
graphite e 0 0 1.372 El]
dismond c 0.4533 046930 0,568 1
CH CH methylidyne g 1421 [4]
CHN HCN hydrogen cyanide g 31,2 28,7 48423 [2]
1 25,2 29,0 26497 [2]
hydrocyanic aeid, m=1 aq 25,2 2648 30.8 {2]
CHNO HCNO hydrogen cyanate g
CHNO HCNO eyenic scid, n=l aq -35,1 -28.9 4346 [2]
CHNS HCNS hydrogen thiocyanate g
thiocyanic scid, m=] ag 17.7 [2]
CHN,0¢ aH(NO,) trinitromethane ) ~18.6 [2]
CHO CHO formyl g ~ 2,900 - 64543 534683 [4]
cH, CH, methylene g 95,000 91,809 43,271 [11]
CH N, (NHz) CN cyanamide c 9.2 [2]
B0 HL0  sg 12,9 [2]
CH2N2 ((71-12)1\12 diazomethane g
(31{21\1203 (NOz)CH(lNOH) formonitriolic acid ¢
CHoN0, CHZ(N02) 2 dinitromethane L
CH,N, NHNs NCHN 1y2,3y5-tetrasole c
CH,0 HCHO formaldehyde g —27.700 —264266 52,261 H
60 HQO aq ~4245 2
40 CH,OH aq —42.7 [2]
( CHZO) x ( CHEO) X paraformaldehyde c
CH,0, HCOOH formic acid g -86.67 ~80524, 60,0 [2]
l -97.8 -82.7 30,82 [2]
m=l ag ~98.0 -85.1 39.1 [2
0.2 Ho0 &g 97,86 2
0.5 Ho0 &g 97,93 2
1.0 H20 ag ~98,00 2]
1,5 H0 aq -98.01 2]
2.0 Hp0 aq ~97.99 [2
2.5 HoD  ag ~97.99 [2
4 Hz0 ag  -97,98 (2
5 HoD ag  -97,96 2
10 Ha0  aq ~97.94 2]
15 Hy0 aq ~97.93 2]
25 Hx0 ag =97.94 2)
50 Hy0 ag ~97.95 2
100 Hy0 ag -97,96 2]
200 H50  aq -97.97 (2
o Ho)  aq -98,0 [2]
CH203 H2(303 ecarbonic acid
undissociated, m=1 ag  -167,17 =148.94 45,0 [1]
CHZSJ H2053 trithiocarbonic acid aq
CH, CHy methyl g 31,940 32,846 46,137 [8]
CH,NO HCONH,, formamide 4 -61,6 [2%
aq ~56,0 [2
CHBNO HZC(xNOH) formaldehyde oxime 12
CH,NO,, CH3N02 nitromethane L -21,28 2,26 41,1 2]
ag ~20.7 2
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Table I. Selected Thermodynemic

Data (Cont.)

Empirical Functional Group Name State AHD AES s? Ref.
Formula Formula £298 _1 ¥298 -1 298_1 1
keal mole kcal mole = cal mole “deg
GH_NO CH_,ONH methoxyamine c
5 3772 aq
CHgNO,, HOOONH, ammonium formate e =~132.8 [2]
ag  -129,83 [2]
CHANO, i, HC smmonium bicarbonate ¢ —=203,7 [2]
==l ag  -196.,92 ~159.31 49.7 [2]
CHN, NH,,C (IH) NH,, guanidine ¢ -~ 17.0 {2]
ag - 18,3 [2]
CH5N30 NH2C0NHNH2 semicarbazide a:
CHAN,0.5 NH,CSNHSHNO thiourea nitrate ¢ = Theb [2]
CESN,0, NH,,CONH,, *HNO., urea nitrate a: ~114.8 [2]
CH5NBS NrI2CSI\THI\IH2 thiosemicarbazide 5;
CH_.0_.P CH,PO(OH) methyl phosphonic acid c
573 3 2 aq
CH P CH,PH methyl phosphine g
5 32 i
CHéN2 CHBI\THI\II-I2 methyl hydrazine %
CH.N,0 NH,,COONH ammonium carbemate ¢ —154421 -109.47 39.70 [2]
272 & aq  -150.4 [2]
CHeY, NH20(NH) NHNH,, l-aminoguanidine a;
CHgN Ao co (NHNHZ) 2 carbohydrazide c
CHLN 0 (¥H,) . CO smmonium carbonate I
87273 47273 aq  ~225.11 —164.22 4Le2 [2]
CH, .04 €0, *6H,0 carbon dioxide hexahydrate ¢ ~520 [2]
(‘,Hléo6 CH4-6H20 methane hexahydrate c =445 [2]
cN CN cyano g 109,000 101,796 48,406 [8]
(cw) x (cn) paracyanogen ¢
CNA CN(NB) cyanogen azide ¢ 92,6 [2]
% (CNI.):( % (CN(NB))X paracyanogen azlde ¢ 8242 [2]
CN,0g C(N02'\4 tetranitromethane L 8.8 [2]
co co carbon monoxide g - 26.416 — 32,780 42214 [1]
oS oS carbonyl sulfide g - 33.080 - 394589 554323 [4]
€0, co, carbon dloxide g = %4051 - 944261 51,072 1]
undissociated, m=1 ag =~ 98.85 - 92426 28.3 {1l
cp CP carbon phosphide g 111,700 984327 514661 [é]
cs cs carbon monosulfide g 554000 42468/, 504299 [8]
o8, cs, carbon disulfide 1 27,980 15.991 564832 (5]
Gy 5, carbon distomie g 199.026 185,636 474628 6]
] » (3CO0R
O g 0, MM, (wcoon) hydrazine formate a;
C N, (e 2 cyanogen g 734870 71.117 57,711 (4]
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Table I, Selected Thermodynamic

Data (Conta)

=]
State AH

o

Empirical Functional Group Name 298 AF;29B S8 Ref.
Formula Formula -1 -1 -1 -1
kcal mole = kcal mele ~ cal mole “deg
c, Cq carbon, triatomic g 189.670 175,777 50,688 [3]
€50, €40, carbon suboxide g - 84300 ~10.726 61,236 3
0382 0352 carbon subsulfide I3
<, CA carbon, tetratomic g 2424321 226,629 58.083 [3]
c,N, c, (oM, carbon subnitride g 1224900 113,575 67,936 [3]
Cs C5 carbon, pentatomic g 2424374 226,634 59,608 [3]
H H hydrogen monatomic g 52,095 48580 274391 1]
HN HN imidegen g 794200 77,765 434297 [3]
N, i hydrogen azide g 7043 7844, 57409 [1]
: 63,1 7842 33.6 [1}
hydrazolc acid ag 62,16 7649 3449 (1]
undissociated, m=1
HNO HNO nitroxyl g 23,800 26.859 52,729 [91
HNO,, HNO,, cis hydrogen nitrite g -18.64 -10,27 59,43 [1]
trang hydrogen nitrite g ~19.15 -10.82 59454 [1]
hydrogen nitrite (cis-trens
mixture) g ~19.0 -11.0 60,7 1]
nitrous acid aq 2845 ~13.3 3645 (1]
HNO,, HNO, hydrogen nitrate g -32.28 -17.87 63464 [1]
L 41,61 ~19,31 37,19 1]
nitric acid, m=] ag  —49.56 —-26.61 35,0 [1]
1 Hx0 aq =44aBL5 1)
2 Ha0 ag  -464500 1]
3 Hx0 ag  ~47.459 [1
5 H0 ag 484462 1
10 Hy0 aq  ~49.192 (1]
25 10 ag  —49.430 1
50 Hp0 aq  ~494439 L1
100 Hy0 aqg  —494440 (1
500 Ho0 ag  —49.468 1
1000 B0 ag  —49.484 [1]
5000 HpO ag =494518 1
10000 HoO aq  ~4%.529 1]
50000 Ho0 aq  ~494545 1]
H3N04 HNOB'H2O nitric acid hydrate L ~112,960 ~784410 51.83 (2]
HN05S (NO)HSOA nitrosyl sulfuric acid ¢
HO OH hydroxyl , g 9.31 8.18 434890 [1]
HO, HO, hydroperoxyl g 5.000 8.049 544383 [10]
HP PH phosphorus monohydride g 59,170 51a467 464891 (7]
HP, P diphosphorus monohydride c ~14e5 [2]
HPO, HPO, metaphosphoric acid es :%gg:g L%}
HS SH sulfur monohydride g 32,000 244990 464745 (3]
H hydroge 0 0 1,208 1
P yarogen - 42 #5:3 H
HN NH, amidogen g 40,300 42,976 454113 [3]
H N0 _
27272 H2N2O2 hyponitrous acid, w=1 aq =1347 Bady 52 [2]
H,0 H,0 water ~57796 54463 «10 1
2 2 § 2TE R et H
H202 H,0, hydrogen peroxide g -32458 ~25425 5546 (1l
L —4/,.88 -28.78 2642 {1]
m=1 ag  =45.69 -32.05 34ed [1]
0s5 Hy0 aq  —45.198 [1]
1 Hx0 aq  —45.365 [1]
5 Ha0 ag  ~45.638 [1]
10 Hp0 aq  ~45.670 1]
50 Ha0 aq ~454687 [1]



Table I, Selected Thermodynamic Data (Conte)

Empirieal Functional Group Neme State AH;Z‘;S AF;298 8298 Ref.
Formula Formila -1 -1 1. -1
keal mole — keal mole — cal mole “deg
HP PH, phosphorus dihydride 2 304100 25,884 504800 [12]
HyS B8 hydrogen sulfide g 4,493 -8,02 49416 [1]
hydrosulfuric acid aq -945 ~6466 29 1]
S, S, hydrogen disulfide L —545 [2]
H253 H233 hydrogen trisulfide g
S, S, hydrogen pentasulfide L 0.7 [2]
1,50, H,50, sulfurous actd aq 145451 —128.56 5545 1]
undissociated, m=l
100 Eo0 ag ~1464369 [1]
200 Hg0 aq ~1464670 [1]
500 HoO ag ~147.126 [1]
1000 Hgd aq ~1474516 (1]
2000 Eg0 aq ~1474957 {1l
5000 Hz0 aq ~148.524 1]
10000 Hp0 aq ~148.899 1]
H,50 H,S0, sulfuric acid L 1944548  -164.942 374501 [1]
4 =l aq  ~217.32 17797 48 11l
1 Hy0 aq ~201.193 1]
2 Hy0 aq ~204,4425 1]
3 Hy0 aq ~2064241 1]
4 H20 ag ~207.428 1}
5 Ho0 aq -208,288 (1]
6 Ho0 aq ~2084944 1]
8 Ha0 ag ~209.865 1
10 Hy0 aq  —210.451 1]
15 HoD aq -211,191 1]
25 HpD aq ~211,660 1
50 Ho0 aq -211.941 1
75 Hy0 aq -212,068 1
100 HoD ag ~212,150 1
115 H%o agq ~2124192 1
200 Hx0 aq -212,387 1
300 H0 aq ~212,565 1
500 Ho0 aq ~212.833 1
800 Hp0 aq 2134128 1]
1000 H,0 aq ~2134275 1
1500 H%o ag ~2134552 [1
2000 Ho0 aq -213,740 [1]
3000 Ho0 aq -214.015 [1]
5000 Ho0 aq -2144390 1
10000 Hz0 ag ~215,060 1]
20000 Hy0 aq -215,880 1
50000 Hz0 aq —216.545 1
100000 Hz0 aq -216.875 1]
500000 H0 aq ~217,189 (1]
1'12505 1-12805 peroxymonosulfuric acid c
HZSZOA H23204 dithionous acid aq -164 [2]
32520 A stzo 4 dithionic acld aq -280.0 2]
H,8,0, H S0, pyrosulfuric acid c ~304e4 1]
H2S208 H28208 peroxydisulfuric acid, m=l aq ~320.0 ~265 44, 59,3 [2]
HBN NH3 ammonia g 11,07 -394 45497 (1]
undissociated, m=1 aq -19,19 ~6.35 26,6 [1]
1 Hz0 aq -18,011 1]
2 Hz0 aq ~18.560 1]
5 Ho0 ag ~184945 1]
10 Hz0 aq ~19,074 [1]
20 Hz0 ag ~19,125 (1]
50 Hg0 aq ~19.156 (1]
100 Hz0 aq -19.167 1]
500 Hg0 aq -19,173 1]
1000 Hy0 aq ~194171 1)
5000 H0 aq -19.154 1]
10000 Hx0 ag -19,140 1]
50000 Hz0 aq -19.086 a1
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Table I. Selected Thermodynemic Data (Cont.)

4 o] o o
gf—;ﬁ;ial mﬁnﬂ Group Name State AHf298 AFf298 3298 Ref's
keal mole ™t keal mole t cal mole_ldeg_l

H,NO NH,OH hydroxylamine e ~27.3 [1]
ag -23.5 [1]

H,NO,S (1) 50,1 sulfamic acid e -161.3 [1}

3 ag  -156.3 [1
H,0,P H PO, hypophosphorous acid c ~1de5 [1]
200 H,0 &q ~Lihed [1]

H,04P I~13P03 orthophosphorous acid c -228,3 [1]
aq ~228.4, [1]

HBO P HBPOA orthophosphoric acid c ~305,7 ~26745 26441 [1]

4 L ~302.8 [1

n=1 aq ~307.92 ~273.10 37.8 [1

1 Hp0 ag ~304.469 [1

1.5 HoD aq -305.26 [1

2 Hy0 aq -305.60 [1]

3 Hg0 aq ~306.23 [1

4 Hy0 aq —306460 [1]

5 Ho0 ag ~306,87 1

7 Ho0 aq ~307.20 1

10 Ho0 aq ~307.48 1

20 Ho0 aq ~307.831 11

50 Hz0 aq ~308.067 1

100 HpO aq -308,176 1)

200 HoD aq ~308.276 1]

500 HyD ag ~308.403 1}

1000 Hz0 aq -308.532 1]

2000 Ho0 ag -308,696 (1]

3000 HZ0 aq -308,818 1]

5000 Hg0 aq -308,982 1}

10000 Hy0 aq -309.197

EyP PH, phosphine g 1.3 3.2 50422 [1]
aq —2.16 0.35 4842 [1]

H N N_H hydrazine g 22,80 38407 56497 [1]
42 24 L 12,10 35.67 28.97 [1]
undissociated, m=1 ag 8420 30.6 33 [1]

H,N,0 NH, NO ammonitm nitrite e -61,3 [1]
4272 42 n= ag ~5647 -27.9 60.6 (1]
B,N,0 NI, NO, smmonium nitrate eV -87.38 -43498 36,11 [1]
273 n=l aq -81.23 ~43.58 62,1 (1]

3 H20 ag ~834485 [1]

5 Hx0 ag ~83.050 [1]

10 H0 aq ~82.470 (1

25 Hy0 ag ~81.866 [1

50 Ho0 aq -81,538 [1

100 Hg0 aq -81,318 1

500 Ho0 aq -81.183 1

1000 Hp0 aq ~81,177 [1

5000 Ho0 aq ~81.194 [1]

10000 Hp0 aq ~81,202 1

H,N_O Nt ,OH*HNO hydroxylamine nitrate ¢ ~87.6 [1]
4R 2 3 ag —82.4 I1]
BN, NH, N, smmonium azide c 27.6 6545 2649 1]
m=1 aq 344l 6443 5247 [1l

i

H,0, .P H,PO, *5HO phosphoric acid hemihydrate c =342.1 29649 30,87 [1]
4745 3422 L -339,3 [2]
H,0,5 H,50 L'HZO sulfuric acid hydrate 1) —269,508  -227.186 50456 {1]
H,P P.H diphosphine g 540 1]
42 24 L -1.2 (1]
H,P.0, H,P_0O pyrophosphoric acid c -535.6 1]
4277 &2 supercooled L ~53344 [1]
= aq ~54242 ~48648 68 [1]

500 Hy0 ag  ~543.0 f1]



Table I, Selected Thermodynamic Data (Cont.)

Empirifcal  Functlonsl Group Name State  AHD AF, 82 Ref,
Formula Formula 298 -1 £298 1 298__1 _
keal mole ~ keal mole ~ cal mole ~deg
iy NH 4OH ammonium hydroxide )3 -86433 ~60.74 39457 [1]
undissociated, msL aq -87.505 ~63.04 43.3 [1]
ionised, m=1 ag ~86464 -56456 a5 [
H_NS NHASH ammonium hydrosulfide c ~3745 ~12,1 2343 1)
5 200 1,0 aq ~34+8 (1]
H NS H, H50, ammonium bisulfite e -183.7 [1]
300 £0 aq ~181.3 [1]
HNO S NH, BSO, ammonium bisulfate c 245445 [1]
4 200 H,0 ng ~245465 (1]
2
H5N05S NH,,0H*H,,50 4 hydroxylamine sulfate ag ~24647 [1]
H.N.O N_H, *HNO hydragine nitrate e -60413 [1]
57373 2473 n=l aq ~51,41 —6.91 7 [1]
HgNOP (NH 4) H,PO, ammonium hypophosphite a:
b
H6.J03P (NH 4)H2P03 ammonium orthophosphite a;
HeNo, P (N’HA)HzPO A primary ammonium orthophosphate ¢ =345494 -289.89 36,32 H
n=1 aq ~342,05 -289,70 4847 1
15 Hy0 aq  =342,157 (1]
50 H,0 aq ~342,113 [1]
100 Hg0 ag —342.088 [1]
500 Hg0 aq -342,059 [1]
1000 Ha0 aq -342.055 [1]
© Ho0 ag -342,05 [1]
H,N,O N_H,*H_ 0 hydrazine hydrate g -4940 ~18.9 63 [1]
6 2y I —58.01 (1]
undissociated, m=1 ag ~60,11 —2641 49.7 1]
H6N2035 (N’H2)SOBNH4 ammonium sulfemate acc1
H,N,0,5 N H,*H. S0 hydrazine sulfate c -231.6 [2]
6°27% 2% 24 1000 Hy0 aq 22344 [2]
HgP, (P2H4) 3 diphosphine trimer c
- -6,
H6.508.5P2 H4P20,7 2H20 pyrophosphoric acid hydrate I‘f _613.2::95 %H
E N0 HNO *3H,,0 nitrie aeid trihydrate L -252,203  -193,701 82492 [2]
H,7N203P N2H A‘HBPOB hydrazine orthophosphite a:
H7N204P N2HA.H3PUA hydrazine orthophosphate a;
HN, 0.3 (NH,) S0 ammonium sulfite ¢ -211,6 [1]
8273 47273 400 Hy aq  -211,0 [1]
HgN,0,5, (NH 1)25203 ammonium thiosulfate acc;
gl 0,8 (rmA)soA ammonium sulfate c -282,23 ~215.56 5246 [1]
n=l ag ~28066 ~215,77 5846 [1]
10 Hpd ag ~280.72 [1]
50 HoO ag ~280451 [1]
100 Ho0 ag —280,407 [1]
500 Hg0 aq -2804242 [1]
1000 Hp0 ag ~280.217 [1]
HBNZOSSZ (I\J'H4)2520,5 ammonium pyrosulfite, m=l aq ~2954.3 [2]
H3N206P2 N2H/,,'H1.P206 hydrazine hypophosphite a;
H8N2065 2N'H20H'H2SOA dlhydroxylamine sulfate aq ~281.3 [1]
Hgl 0.8, (N’HA) S2% ammoniwum dithionate a;



Table I. Selected Thermodynamic Data (Cont,)

Empirical Functional Group Name State  Lid AFY ) Ret
Formula Formula £298 a £298 o 298_1 a *
keel mole ~ keal mole ~ cal mole “deg
Hgl,0.8, (NH A) 25507 ammonium pyrosulfate ﬂ;
HN.0,S (NH,) 8,0 ammonium peroxydisulfate c -39245 I1]
§2°8"2 4’27278 o 38303 i1
HgN, S (e 4) S ammonium monosulfide aq ~5ka5 {2]
H,N.S (3,).8 emmonium tetrasulfide ¢ YA E2J
8724 424 ag -60.0 2]
HN. 3 (NH,) .S ammonium pentasulfide ¢ —-68,8 [2]
g2 425 w 6lo2 £2]
14
Hgd Aspz (PH 4) 2504 phosphonium sulfate a:
Bgi,0,P (NH 4) PO, secondary ammonium orthophosphate ¢ -374450 [l%
aq -372471 =-298,85 4642 1
15 H,0 aq ~370440 El]
50 Hgo aq  -370.85 1]
100 H50 aq ~371,22 [1]
500 Hg0 aq -3T1ud [1]
1000 Hg0 aq ~3'71u4d, [1]
Hy N 0,8 (wu A) 2503 ¢H,0  ammonium sulfite hydrate c -283,.8 [1]
HlON206P NZHA-ZHBPOB hydragine dlorthophosphite a:
H10N206P2 (NHA) 2P0 diemmonium hypophosphate e;
H,.N,0,8 (N_H,) ,*H,S0 dihydrazine sulfate e ~229.2 %1]
107474 2/ 2™, n=1 aq -221,0 -138,5 71 1]
H._N.O P (NH,) PO tertiary smonium orthopesphate c -219.6 1]
12737 4734 600 Hy0  ag  -391.3 [1]
H ¥, 0.8 (NH 4)2~1{2st B dihydrazine sulfate hydrate c -291.3 [1]
Hp 08 H,S%6H,0 hydrogen sulfide hexshydrate ¢ 43142 [2]
Hy 50P PH3-6H20 phosphine hexshydrate ¢ ~422e7 [2]
H, N_0.P (NH,) ,PO,*3H,0 tertiary ammonium
187377 43704 orthophosphate trihydrate e —£10.8 [1]
N N nitrogen monatomic g 112,979 108.883 364622 [1]
NO NO nitric oxide g 21457 20,69 50435 [1]
No, No, nitrogen dioxide g 2774k [1]
o, o, nitrogen trioxide g 1340 (2]
Np PN phosphorus nitride g 254043 18,453 504437 [5}
NS SN sulfur nitride g 63,000 564278 534055 5
N, N, nitrogen g 0 0 45¢T7 [1]
N0 N0 nitrous oxide g 19.61 24490 52452 [1]
X0 N0, dinitrogen trioxide g 20,01 33432 T4 o1 (1]
3 1 12,02 [1]
N0 n N0, nitrogen tetroxide g 12,19 23.38 72,70 (1]
L 4466 23,29 5040 [1]
N0, .0, nitrogen pentoxide g 247 275 85,0 [1]
e -1043 27.2 42,6 1]
I\I5P3 P3N5 phosphorus pentanitride c =TLe4 (1]
0 0 oxygen monatomic g 394555 55,388 38,467 [1]
op PO phosphorus monoxide g ~14455 ~84391 53,219 (3]
0s S0 sulfur monoxide g 1.5 [1]
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Table I. Selected Thermodynamic Data (Cont.)

Empirical Functional Group Name State AH.:LZ‘)B AF;298 5298 Ref.
Formula Formula 1 -1 1. .1
keal mole ~ keal mole — cal mole ~deg

0, 0, oxygen diatomic g o b} 484,996 [1]
m=l ag —2.8 3.9 26.5 [1]

0P P,0 phosphorus dloxide g 71,000 72,834 604607 [7]
0,3 s0, sulfur dioxide g ~70.944 ~TLa749 59.30 [1]
2 1 7646 [1]
undissociated, m=l aq ~77.194 ~71.872 38,7 [1]

100 Hy0 aq 78405/, [1]

200 Hy0 aq ~784355 [1]

500 Hy0 ag ~78.811 [1]

1000 Hy0 aq ~79,201 [1]

2000 Hy0 ag ~79.642 [1%

5000 Hy0 aq ~80.209 [1

10000 Hg0 aq -80.584 [1]

0y 0, ozone g 341 3940 57,08 (1]
0,8 80 sulfur trioxide g 94421 -88.69 61,34 11
3 3 L -105.41 -88.04 22,85 [
cyp  ~108.63 -88.19 12.5 [1]

O¢P, ?,% phosphorus trioxide c ~392.0 [1]
0, P P,0 phosphorus pentoxide e ~71342 644,48 54470 [1]
1074 4710 smorph  —T27 [1]
P P phosphorus, monatomic g 38,978 [1;1'
phosphorus, white, ay ¢ III ¢ 0 0 9482 [1]

phosphorus, red triclinie ] ~a2 249 5e45 [1)

phosphorus, black ¢ ~%.4 [1]

phosphorus, red emorphous amorph ~1.8 [1]

PS phosphorus sulfide 3 224500 9.694 564033 [5]
P, phosphorus, diatomic g 345 [1]
P283 P253 phosphorus trisulfide c =19.2 [1]
P, phosphorus tetratomic g 14408 5485 66489 [1]
PASB PASB phosphorus sulfide g ~19.408 —28.826 764280 [3]
L ~36.077 -37.513 494510 [3]

e ~37.000 -37.986 484000 [3]

8 S sulfur, rhombie c o] 0 7460 [1]
sulfur, monoclinie c 0408 [1]

sulfur monatomic g 664636 564949 404094 [1]

5, sulfur diatomic g 30468 (1]
53 sulfur triatomic g 31.7 [1]
s n sulfur tetratemic g 32.7 [1]
55 sulfur pentatomic g 2946 1]
S¢ sulfur hexatomic g 2445 [1]
Sy sulfur heptatomic g 27.1 1]
Sg sulfur octatomic g 24045 11,87 102,98 [1}
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